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ABSTRACT 
IMPACTS OF NONPOINT SOURCE WATER POLLUTION IN CASTROVILLE, 
CALIFORNIA 
This study assesses environmental impacts of  agricultural nonpoint source water pollution 
upon the surrounding wetlands, and nearshore environments of  Castroville, California  This study 
was conducted by evaluation of  the major factors  involved in such processes, including local soil 
characteristics, land uses, water quality , and finally,  the aquatic resources of  this area that may be 
impacted. 
A ranking system was devised that rates the potential for  these factors  to contribute to a 
nonpoint source water pollution scenario. Each factor  for  each site was given a weight ranging 
from  0-3 respectively representing increasing levels of  contribution to the nonpoint source water 
pollution scenario. The compilation of  such weights was then assessed for  the qualitative 
determination of  nonpoint source water pollution impacts at each site. 
The study showed that a great potential for  nonpoint source water pollution to impact 
aquatic resources in the area does exist. Numerous sites within the study area were characterized 
by erosion and runoff  prone soils, intensive agricultural land use, presence of  levels of  organic 
chemical residues above the desired Maximum Toxin Residue Level limits, and their great 
inherent ecologic value and influence  upon other habitats and ecosystems instrumental in the 
maintenance of  ecologic, and economic health of  the Monterey Bay area. 
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CHAPTER 1 
INTRODUCTION 
Background 
Because nonpoint source water pollution, by definition,  originates from  diffuse 
sources, it is not easily identified.  Sediment, nutrients, pathogens, pesticides, metals and 
toxic chemicals are transported from  their origin in construction sites, agricultural areas, 
parking lots, streets, etc., and enter surface  waters from  stormwater runoff  over the 
landscape, through storm drains, culverts, ditches, drains and the like. The increasingly 
frequent  loss of  riparian corridor buffer  zones of  native vegetation, disturbance of  the 
runoff  absorbing topsoil, as well as the prevalence of  potentially hazardous substances in 
our soil and water, on our roads, parking lots, fields,  and on construction sites all help to 
pose a potentially greater threat to habitats, wildlife,  and human uses of  these waters than 
the point sources that both popular consciousness and legislative efforts  have been 
primarily focused  upon. 
Though the value of  environmental quality is not easily defined,  it cannot be 
disputed that wetland areas, and their associated habitats serve many purposes, both 
anthropocentric and otherwise. Wetlands providefish  and wildlife  habitat, ground water 
recharge, water quality enhancement through flood  and erosion control, aesthetic, 
economic, and recreational resources. However, conservative estimates consider at least 
50 percent of  our nation's wetlands to have been destroyed since the time of  our country's 
colonization by the first  white settlers (Berry and Dennison 1993). Increasing awareness 
of  wetland issues have resulted in legislation such as the Clean Water Act, and subsequent 
revisions to it that include the "no net loss" policy on wetlands, the creation of  the Wild 
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and Scenic River Program, etc. 
The environment of  the Monterey Bay area is considered by scientists, 
environmentalist, recreationalists, and others to be such a valuable asset that it has been 
designated a National Marine Sanctuary. While much of  the area that this study is 
concerned with is not within the boundaries of  this sanctuary, it is important to understand 
the role and effects  of  the discharge of  these fresh,  and brackish waters (Salinas River, 
Moro Cojo Slough, Elkhorn Slough, etc.) which feed  into the bay in the Castroville area. 
The environment of  these fresh  and brackish water bodies supports breeding and nursery 
grounds for  many species of  fish,  invertebrates, and other flora  and fauna.  These species 
are, in many circumstances, commercially valuable as well as fundamental  in the 
foundation  of  the food  chain within the bay environment which supports commercially 
valuable, threatened and endangered species such Chinook and Coho Salmon, Steelhead 
Trout, the Southern Pacific  Sea Otter, Blue and Fin Whales, the California  Clapper Rail, 
Brown Pelican, etc. (National Oceanic and Atmospheric Administration 1992). 
Monterey Bay is one of  the larger bays on the west coast of  North America. The 
importance of  such an area is realized when one considers the enhancement of  near shore 
ocean mixing (upwelling), great spatial heterogeneity in the Monterey Submarine Canyon, 
diversity of  coastal wetlands, and the like are considered. The Monterey Bay area 
supports not only the vastly productive agriculture and fisheries  industries, but also has an 
important economic foundation  in other water related industries such as whale watching, 
charter fishing,  marine research, sightseeing, other recreation, and tourism. Thus, it is 
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imperative to consider the health of  the aquatic environment in this area (National Oceanic 
and Atmospheric Administration 1992). 
Beyond the immediately relevant issues of  maintaining environmental health and 
for  the inherent value of  pristine ecosystems, there are obvious human environmental 
health and safety  issues to be considered, as nonpoint source water pollution poses threats 
to other beneficial  uses of  these waters. The surface  waters of  watersheds in the 
Castroville area drain what has been described as the "salad bowl of  the world" 
(Fitzsimmons, M.E. 1993) —a reference  to the area's rich agricultural productivity and 
diversity. This makes the potential for  runoff  from  fields  to transport pollutants to these 
waters, which are such an integral part of  the Monterey Bay environment, very great. 
Agricultural activities associated with large scale commercial production such as 
fertilizing,  spraying with pesticides and herbicides, tilling, and irrigating, have the ability to 
influence  the quality and quantity of  runoff.  Erosion is often  accelerated with tilling, 
which breaks up the organic, absorbent layer of  the soil. Irrigation not only carries this 
soil away, but transports agri-chemicals, and other potentially environmentally threatening 
substances that have bound to the topsoil (Christensen, S.D., Fawcett, R.L., Tierney, D.R 
1994). With these compromised soil conditions, a scenario exists whereby stormwater has 
an increased ability persistently to strip the soil of  its organic layer. Additionally, many 
degradation products of  commonly used pesticides can be more toxic than the originally 
applied pesticide because of  their increased persistence in the environment, but also 
because they may become more mobile due to their association with suspended sediments 
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in surface  waters (Oakden, J.M., Oliver, J.S. 1988). In general, the behavior of  these 
break-down products, or metabolites, is not well understood, nor is registration for 
degradation products of  pesticides required. Thus, it is hard to determine what quantities 
of  these products may have the potential to enter the environment. 
This study attempts to develop a deeper understanding of  watershed issues in the 
Castroville area by identifying  the factors  most directly related to the perpetuation of  the 
current nonpoint source water pollution state. As much of  the landscape surrounding 
Monterey Bay is characterized by coastal wetlands and their associated provisions for 
great biodiversity, recreational and other activities, and heavy agri-industrialization, the 
process of  determining agri-industrial based nonpoint source water pollution entails 
consideration of  soil characteristics, land uses, and agri-chemical residue levels which 
affect  water quality (and its associated aquatic resource "value" as measured by its ability 
to provide habitat, recreational, commercial and other opportunities). 
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Statement of  the Research Problem 
This research will examine environmental impacts of  agricultural nonpoint source 
water pollution in the Castroville, California  area. Because persistent pesticides associated 
with agri-industrial activities are often  transported to surface  waters in association with 
suspended sediments, the environmental impacts of  nonpoint source water pollution can 
be assessed by analysis of  the roles played by patterns  of  soils types, land  use types, 
agri-chemical  residues  in surfacewater,  and  the aquatic resources potentially  threatened 
by compromised  water quality  in the runoff"  scenario that exists in the area. An 
examination of  data for  a number of  different  study sites within the general study area, in a 
format  that provides a qualitative depiction of  each factor  mentioned above for  each site 
will provide the basis for  determining the degree to which agricultural nonpoint source 
water pollution impacts the estuarine and nearshore marine environments of  the 
Castroville and Monterey Bay area. 
Subproblems 
Subproblem i-Soils 
Subproblem one is to determine if  significant  impacts result from  erosion of  soils, 
and subsequent runoff  of  suspended sediments to surrounding surface  waters. This 
determination will be made by examination of  the relative soil erosion/runoff 
characteristics of  each study site within the study area. 
Subproblem 2-Land Use 
Subproblem two is to determine if  significant  impacts result from  potentiation of 
soil erosion and suspended sediment runoff  by patterns of  land use. This determination 
will be made by examination of  different  land use types with regard to their disturbance of 
topsoil at each site within the study area. 
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Subproblem 3-Water Quality 
Subproblem three is to determine if  significant  impacts result from  existing water 
quality problems. As the result of  aggavated soil erosion, suspended sediments and their 
associated chemical residues often  runoff  from  agri-industrial activities to local surface 
waters. Thus, the determination of  the existence of  impacts due to existing water quality 
problems may by made by examination of  local filter  feeder,  and other bioassay data. 
Subproblem 4-Aquatic Resources 
Subproblem four  is to determine if  significant  aquatic resources exist which may be 
impacted by runoff  induced water quality changes. This determination will be made by 
examining the extent to which surface  waters exist within the study area. 
Subproblem 5-Impacts of  Nonpoint Source Water Pollution 
Subproblem five  is to determine the nature of  significant  impacts to the surface 
waters of  the Castroville area in particular, and the Monterey Bay environment in general. 
The determination of  impacts of  nonpoint source water pollution will be made by 
examination of  the conglomeration of  data regarding soils, land use, water quality, and 
aquatic resources at each study site within the study area. 
Hypotheses 
Sub-Hypothesis 1 
By increasing suspended sediment load in local surface  waters, erosion and runoff 
of  soils may contribute to the significant  impacts by aggravating the local nonpoint source 
water pollution scenario. 
Sub-Hypothesis 2 
By disturbance of  the topsoil, erosion and runoff  of  suspended sediment may be 
potentiated. Thus intensive agricultural land uses may contribute to the significant  impacts 
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by aggravating the local nonpoint source water pollution scenario. 
Sub-Hypothesis 3 
By continual transport to surface  waters, and subsequent accumulation in 
suspended and nonsuspended sediment, as well as in the animal tissues, agri-industrial 
related chemical residues in the surface  waters may contribute to significant  impacts. The 
existence of  high levels of  agri-chemical residues in body tissues of  animals native to the 
study area, and filter  feeders  in particular, in conjunction with the fact  that persistent 
organochlorine agri-chemicals have not been in use for  decades, indicates that 
agri-chemicals are associated with suspended sediment, and have been transported to 
surface  waters, and through the food  chain on an ongoing basis for  an extended period of 
time. 
Sub-Hypothesis 4 
The extent to which agri-industrial runoff  may have negative impacts on the 
aquatic environment, in part depends on the character of  that environment which is 
threatened. Because the area in question encompasses the major estuaries of  the 
Monterey Bay, thus extensive negative impacts to fisheries,  recreation, and other 
inherently and economically, aesthetically, and environmentally valuable resources 
provided by the Monterey Bay environment may result from  the exacerbation of  the local 
nonpoint source water pollution scenario by the increased incidence of  runoff  of 
agri-chemical laded suspended sediment in stormwater.. 
Sub-Hypothesis 5 
A model which describes the impacts to the local environment can be developed 
using data which describes characteristics of  soils, land use, water quality, and aquatic 
resources, and their role in potentiating the existence of  a nonpoint source water pollution 
problem in the study area. 
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Assumptions 
Assumption 1 
Pollution in the form  of  runoff  is a problem which has been occurring, and will 
continue to occur. 
Assumption 2 
Runoff  is influenced  by characteristics of  soils and land use. 
Assumption 3 
The quality of  runoff  can be indicated by water and suspended sediment chemistry, 
and by bioassay data. 
Assumption 4 
Assessing the impacts of  runoff  are increasingly important in increasingly sensitive, 
and diverse environments. 
Delimitations 
Delimitation 1 
This study will not attempt to assess impacts of  runoff  unrelated to nonpoint 
source water pollution. 
Delimitation 2 
The study will not attempt to assess mitigation measures for  impacts related to 
agricultural, or any other type of  runoff. 
Delimitation 3 
The study will not attempt to assess impacts of  nonpoint source pollution outside 
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the boundaries of:  the Bennett Slough on the north, the Salinas River on the south, the 
near shore waters of  the Pacific  Ocean on the west, and the eastern boundaries of  the 
watersheds which drain the western slopes of  the coastal range of  hills. 
Delimitation 4 
The study will not be concerned with issues of  ground water quality. 
Definition  of  Terms 
Aquatic Environment: the complete range of  external conditions, physical and biological, 
in which an aquatic organism lives. This environment may include social, cultural and (for 
humans) economic and political considerations, as well as more usually understood 
features  such as substrate, climate, food  supply, and the like (Allaby 1994). 
Biotic: the living components of  an ecosystem, as distinct from  the non living components 
(Allaby 1994). 
Environment: the complete range of  external conditions, physical and biological in which 
an organism lives. The environment includes social, cultural and (for  humans) economic 
and political considerations, as well as more usually understood features  such as soils, 
climate, food  supply, and the like (Allaby 1994). 
Ecosystem: a discrete unit that consists of  living and non living parts interacting to form  a 
stable system. Fundamental concepts include the flow  of  energy via food  chains and food 
webs and the cycling of  nutrients biogeochemically. Ecosystem principles can be applied 
at all scales. For example, principles that apply to an ephemeral pond apply equally to a 
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lake, an ocean, or the whole planet (Allaby 1994). 
Endangered Species: as defined  by the Endangered Species Act, refers  to a species of 
plant or animal that is in imminent danger of  extinction over all or a significant  portion of 
its range. Generally, five  specific  conditions must be met for  a species to be considered 
endangered: a) its population's death rate must exceed its birth rate; b) the species is 
highly specialized and incapable of  adapting to the environmental changes, c)the species' 
habitat is seriously depleted or disturbed; d) the introduction of  one or more or exotic 
species poses a threat due to competition, predation, parasitism, or desease; or e) 
environmental pollution threatens its viability or survival (Ashworth 1991). 
Estuary: a coastal body of  water which has a free  connection with the open sea and where 
fresh  water, derived from  land drainages is mixed with sea water (Allaby 1994). 
Groundwater: water that occurs below the Earth's surface  contained in pore spaces 
within unconsolidated rock fragments  and bedrock. Groundwater either passes through or 
stands in the soil and underlying stratea, and is free  to move under the influence  of  gravity 
Most groundwater is derived from  surface  sources, though some is also introduced by 
volcanic processes, and other sources (Allaby 1994). 
Habitat: the living place of  an organism as characterized by its physical or biotic 
properties (Allaby 1994). 
Heavy Metals: metals that have a density greater than 5g/cubic centimeter (Cu, Hg, etc.) 
(Allaby 1994). 
Hvdric: wet (Allaby 1994) 
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Invertebrates: animals without a skull and a vertebral column made of  bone or cartilage 
(e.g. mollusks, insects) (Allaby 1989). 
Niche: the functional  position of  an organism in its envrionment comprising the habitat in 
which the organism lives, the periods of  time during which it occurs and is active there, 
and the resources it obtains there (Allaby 1994). 
Nonpoint source water pollution: the pollution of  water bodies by diffuse  sources such as 
agricultural or urban runoff  or aerial deposition. Conveyances for  runoff,  such as drainage 
ditches and storm sewers, are generally classed as nonpoint sources. They are therefore 
concentrated, but largely uncontrollable, sources such as livestock feedlots,  parking lots, 
and individual septic tank systems. Nonpoint source pollution is usually the most 
important overall source of  contamination in a water body. Ninety percent or more of  the 
total pollutant load may come from  nonpoint source pollution, especially if  treatment 
plants have been installed for  the point sources. Nonpoint source pollution is much more 
difficult  to deal with than is pollution from  point sources because the pollutants come from 
a large number of  small, often  unidentifiable  sources making treatment impractical or 
impossible. Control can, however, be implemented through limitations on land use. 
Assessment for  the need for  control is made by measuring the amount of  pollutant 
contribution from  a definable  source region area (e.g. watershed). Some factors  affecting 
nonpoint source pollution are: the amount of  rainfall,  the slope of  the land, the infiltration 
rate of  precipitation, soil types, and the amount of  pollutants actually placed on the land 
(Ashworth 1991). 
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Pesticides : substances used to kill crop pests, including weeds, insects, rodents and fungi. 
They are classified  according to the type of  pest organisms they kill most easily, as: 
fungicides,  rodenticides, insecticides, and herbicides. They may be further  classified 
according to their persistence in the environment (hard, or persistent, vs. soft,  or easily 
broken down). Examples of  some types of  pesticides include: organophosphates which 
are organic compounds containing phosphorous, and organochlorines which are organic 
compounds which contain chloride (Ashworth 1991). 
Rare Species: according to California  law, are confined  to a small, specific  habitat. They 
are nowhere abundant throughout their range. Their range is so small that reduction in 
habitat might cause them to be endangered. Some of  these species are dependent on 
wildlife  management, so that management changes can cause the species to become 
endangered (Ashworth 1991). 
Riparian: pertaining to a river bank (Allaby 1994). 
Spatial Heterogeneity: (patchiness) is a term referring  to spatial and temporal variablity of 
production, particularly in aquatic systems. In aquatic systems, horizontal and vertical 
diffusion  operate, and these physical processes cause space and time to interact. Physical 
processes associated with winds and currents can produce aggregation of  phytoplankton 
(e.g. winds and currents in the Monterey Bay can produce microzones of  upwelling in the 
Monterey Submarine Canyon). Spatial and temporal variability in aquatic systems may be 
important in maintaining species diversity (Hutchinson 1961), possibly because aquatic 
systems are continually changing seasonally, so competitive dominance and exclusion 
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cannot be achieved (Krebs 1985). 
Stormwater: surface  runoff  which is associated with storms, especially that associated 
with urban areas. Stormwater is typically up to 100 times the normal flow  of  household 
and industrial sewage carried by a city's sewage system and therefore  cannot be handled 
by the treatment systems. This runoff  can be very heavily polluted, especially when it is 
associated with the first  rains of  the season (the "first  flush")  (Ashworth 1991). 
Surface  Runoff:  overland flow,  the flow  across the land surface  of  water which 
accumulats on the surface  when the rainfall  rate exceeds the infiltration  capacity of  the 
soil. The rate of  infiltration,  and therefore  the possibility of  surface  runoff  is determined 
by such factors  as soil type, vegetation, and the presence of  shallow, relatively 
impermeable soil horizons. Saturated overland flow  can occur when a temporary rise in 
the groundwater level (water table) inhibits infiltration  and causes flow  over the surface  of 
the soil (Allaby 1994). 
Surface  Waters: water which remains at or is close to the land surface,  above ground that 
is not saturated (Allaby 1989). 
Suspended Sediment: particles small enough to be carried in suspension by moving water 
(Allaby 1989). 
Threatened Species: (as defined  by the Endangered Species Act) is a species that is likely 
to become endangered within the forseeable  future  throughout all or a significant  portion 
of  its range. The categories of  threatened species include rare species (those whose 
natural numbers are low), depleted species (those whose populations have been reduced 
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by human activities or natural disasters), and species endemic to small areas that are 
threatened by development. Species listed as threatened generally receive the same 
protection as those listed as endangered. The goal in protecting threatened species is to 
prevent them from  becoming endangered (Ashworth 1991). 
Toxic: a toxin is a poisonous substance of  plant or animal origin. Toxins usually act at 
specific  sites in the body (e.g. neurotoxins affect  nerves) (Allaby 1994). 
Water Pollution: an alteration of  the quality of  the waters (of  the State of  California)  by 
waste to a degree which unreasonably affects  either of  the following: 
-the waters for  beneficial  uses, such as domestic, municipal, agricultural and 
industrial supply, power generation, recreation, aesthetic enjoyment, navigation and 
preservation, and enhancement of  fish,  wildlife  and other aquatic resources or preserves; 
-facilities  which serve beneficial  uses (Central Coast Regional Water Quality 
Control Board 1989). 
Watershed: the land from  which a stream gets its water. A drop of  rain that falls 
anywhere in the watershed of  a given stream and does not evaporate back into the air will 
eventually end up in the stream. Knowledge of  boundaries is important in all forms  of  land 
use planning because they define  the limits of  the impacts of  activities that affect  water 
quality or quantity, such as soil disturbance, withdrawal of  water from  streams, or 
pollution discharge, requiring planning for  these activities to be done on a watershed wide 
basis (Ashworth 1991). 
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Abbreviations 
A.M.B.A.G.: Association of  Monterey Bay Area Governments 
C.C.R.W.Q.C.B.: Central Coast Regional Water Quality Control Board. 
D.W.R.: California  Department of  Water Resources. 
M.T.R.L.: Maximum Toxin Residue Level. 
N.M.F.S.: National Marine Fisheries Services. 
N.P.S.P.: Nonpoint Source Pollution. 
N.O.A.A.: National Oceanic and Atmospheric Administration 
N.R.C.S.: Natural Resources Conservation Service. 
S.M.W.P.: California  State Mussel Watch Program. 
S.W.R.C.B. State Water Resources Control Board 
T.S.M.P.: Toxic Substances Monitoring Program. 
U.S.D.A.: United States Department of  Agriculture. 
U.S.G.S.: United States Geologic Survey. 
Methodology 
This study employed the descriptive survey method. Secondary data relating to 
each subproblem will be compiled from  various agencies and assessed with regard to their 
potential to contribute to the nonpoint source water pollution scenario at various sites 
within the study area (see Figure 1.1. Map of  the General Study Area), and the Monterey 
Bay in general. 
The data required to analyze potential impacts to aquatic resources resulting from 
1-15 
nonpoint source water pollution is varied. As is evident in previous studies, knowledge of 
pollutant transport, erosion, hydrology, and various other environmental variables is 
necessary before  considering the processes and resources they may be affecting  as 
nonpoint source water pollution (Chapman 1992). When considering agricultural origins 
of  nonpoint source pollution, the relative importance of  organochlorine based pesticides as 
the primary threat to water quality seems clear. Because of  their persistence in the 
environment, toxicity of  breakdown products, and susceptibility to being transported by 
runoff  with sediment (Baul, Garnham, Hucker, Baird, et al. 1994), data regarding erosion, 
suspended sediment, and organochlorine residues was focused  upon first.  The assessment 
of  what they actually threaten followed. 
The analysis of  impacts to the aquatic environment in the study area involved 
assessment of  the various types of  data (soils, land use, water quality, aquatic resources) 
from  the watershed(s) (58/005, and 48/005, as defined  by the DWR) areas defined  by the 
Bennet Slough on the north, the nearshore waters of  the Pacific  Ocean on the west, the 
Salinas River on the south and the eastern edges of  watersheds as defined  by the 
California  DWR (Fig 1.1). These boundaries are designated to limit the study of  soils, 
land uses, water quality and aquatic resources to a manageable area that is most likely to 
include most types of  coastal agricultural operations, and coastal habitats in the area. 
Within the general area specific  sites were assessed according to each subproblem. 
For all subproblems a weight will be established (as detailed in Chapter 3) that figured  into 
an overall weight which delineates relative potential impacts in the various estuarine, 
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marine, and riparian habitats within the study area. This procedure allowed for 
development of  a clear picture of  which sites within the study area are most at risk, or 
most likely to contribute to an overall nonpoint source water pollution problem in the 
general Monterey Bay area. 
1-17 
FIGURE 1.1. MAP OF THE GENERAL STUDY AREA 
MMBP 
t 
ssssssbr 
Source: U.C. Davis Information  Colter for  the Environment 
•• • • • • • • • • • i • • • • 11 i» • i i i 111 i 11 i 
i i i I i i i i j—i i i | i i i i | i i « i |—-r-r 
Oml lOmi aDtii 
1-18 
CHAPTER 2 
REVIEW OF RELATED LITERATURE 
Introduction 
The Castroville area is very productive agricultural area. It is immediately adjacent to 
similarly productive aquatic environments such as those of  Elkhorn Slough, the Salinas River 
Lagoon, and the Monterey Bay. Therefore,  an investigation of  literature, as it relates to the 
effects  of  agri-industrial activities on water quality, is necessary. Though virtual monocultures of 
crops are grown here (Fitzsimmons 1993), the diversity of  aquatic systems and associated 
lifeforms,  and the diversity of  soils and geography through which overland water flows  provide 
great opportunity for  intensive study of  their interactions (Fitzsimmons 1993). 
The study of  Elkhorn Slough, Elkhorn Slough Watershed Project (Monterey Coast 
Resource Conservation District 1993), indicates the nature of  this problem more thoroughly. 
These studies consist of  numerous analyses concerning the nature of  degradation of  the slough, 
remediation of  impacts to the slough, new best management practices for  farmers  to eliminate or 
reduce such impacts, etc. Among the findings  of  the project is that sediment deposition from 
erosion on public and private property and subsequent deposition on wetlands are existing 
problems within the estuary. The primary cause of  these problems is the transport of 
contaminated eroded soils from  the nearby watersheds which are heavily developed agriculturally 
(Monterey Coast Resource Conservation District 1993). 
These facts  seem to correspond with findings  of  other studies. Agriculture can be shown, 
at least vaguely, to be responsible for  degradation of  surface  waters in many places. The cause 
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seems to be a result of  combinations of  land uses and varying environmental conditions. 
However, it is rare that such an agriculturally productive area would be adjacent to such a 
relatively productive and pristine aquatic environment (Monterey Bay and the surrounding 
watersheds that drain to it). Therefore,  it is particularly important that consideration of  potential 
threats to the valuable resources of  the bay posed by such activities in the area be undertaken. 
Soils 
In the analysis of  particle transport of  nutrients and anthropogenic substances, Water 
Quality Assessments (Chapman 1992) draws the conclusion that any water quality assessment 
program requires sediment analysis to be complete; though the point is made that sampling and 
analysis procedures are in developmental stages and, therefore,  somewhat unreliable. The study 
emphasizes that highly polluted sediment, through resuspension and mobilization, may pollute a 
localized environment long after  it has left  the point of  origin. 
These are important facts  to consider as they again point toward the need for  study of 
erosion/suspended sediment characteristics of  any study site. In addition, the point that particles 
may transport pollutants to the aquatic environment long after  they are introduced 
anthropogenically is particularly relevant when one recognizes the quantities of  toxic agricultural 
chemicals used at our study site before  concerted regulation was initiated. In addition, the fact 
that these particles may cause a persistence of  the chemicals in the environment suggests that at 
the end of  a rainy season, instead of  being flushed  free  of  all pollutants, aquatic systems may be 
overwhelmed with seasons', or even multiple years' worth of  resuspended polluted sediment 
(Chapman 1992). 
Agricultural Ecology (Tivy 1990) emphasizes this point further.  According to the study, 
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the first  and foremost  negative impact of  agriculture on the environment is soil erosion. As with 
similar studies, this study emphasizes the pathways through which chemicals reach the 
environment, with particular focus  placed upon toxicity of  particular chemicals and their 
persistence in the environment. Methods of  chemical degradation, which are often  dependent 
upon the same environmental characteristics that define  ecosystems: wind, temperature, water 
chemistry, turbidity, etc., are detailed. 
The study provides further  evidence for  the need to examine the role of  weather, soil 
conditions, hydrology, and other environmental characteristics in consort with particular chemical 
characteristics in the analysis of  chemical degradation. This is in order to determine persistence of 
the chemical in the environment. In addition, the relationship of  soil erosion and water pollution 
is, again, well illustrated, and the need for  a deeper understanding of  such relationship(s) is 
emphasized (Tivy 1990). 
The nature of  pesticide activity in the environment is the topic of  Fate of  Pesticides and 
Chemicals in the Environment (Schnoor 1992). Among the many technically loaded aspects of 
this analysis is discussion of  transport of  chemicals in water, factors  affecting  field  losses of 
pesticides, and biological transformation  of  such chemicals. 
This study is important in that it provides information  regarding the ways that pesticides 
may move through a particular environment. This study may be especially pertinent in that 
activity of  specific  categories of  chemicals are assessed under different  field/environmental 
conditions, and thus one may more readily apply such concepts of  pesticide transport, 
degradation, biomagnification,  etc., to case studies such as the one at hand. It emphasizes, among 
other things, the role of  adhesion of  agrichemicals to sediments in contributing to any nonpoint 
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source pollution scenario (Schnoor 1992). 
The role of  soil erosion in a particular nonpoint source pollution scenario cannot be 
underestimated. The effects  of  increased sediment load can vary widely, though the net result is 
often  the debilitation of  habitat. Increases in turbidity can reduce water oxygen levels and limit 
plant photosynthetic capabilities. Changes in substrate of  streams affect  fish  spawning behavior 
and affect  water chemistry. Agri-chemical residues being transported on suspended sediment, 
increases in erosion, and activities which would increase the detrimental effects  of  existing 
suspended and settled sediments can also be the cause of  great perturbation in surface  water 
environments. 
Land Use 
It is apparent that land use can play a major role in the creation and aggravation of 
nonpoint source water pollution. Water Pollution by Fertilizers and Pesticides (Organization for 
Economic Cooperation and Development 1986) analyzes the runoff  problem from  an 
interdisciplinary, international angle. The study covers agricultural runoff  from  two different 
sources: animal waste and fertilizer/pesticides/herbicides,  etc. 
While the study is not as detailed, technically, as other similar studies are, it does shed 
some light on a more comprehensive cost-benefit  scenario of  high input vs. low input of 
agri-chemical fanning  techniques. This is achieved by analysis of  water pollution management 
within the socio-economic context as well as the natural environmental context. Therefore,  an 
impact assessment of  agricultural chemical runoff  can be made within a more nonpartisan 
consciousness. In addition, the interdisciplinary, international nature of  this study provides 
potentially more comprehensive and discerned assessment of  the issues related to agricultural 
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runoff  (Organization for  Economic Cooperation and Development 1986). 
Another analysis of  water quality management through management of  pesticides, 
Managing Pesticides for  Crop Production: Practical Grower Guides (Hornsby, Butler, and 
Brown 1993) approaches the problem from  a similar angle as the previously mentioned study. 
The present study was designed to allow growers to select pesticides on the basis of  water quality 
impacts, as well as cost and efficacy. 
The study focuses  on the environmental fate  and toxicity of  pollutants, soil and terrain 
characteristics and hydrologic characteristics, and pest management needs of  a site in order to 
determine potential impacts on water quality of  the associated watershed. Pesticide properties 
considered include: adsorption coefficients,  degradation half-life,  lifetime  health advisory level, 
and aquatic toxicity. Soil Conservation Service soil ratings were combined with this information 
to help provide a solid foundation  upon which to base further  pest management decisions. 
With the example of  this study, a model for  site specific  analysis of  potential water quality 
impacts is realized. Thus, this study provides pertinent information  regarding methodology for 
determining potential impacts of  particular agricultural chemicals at particular sites. Because each 
site may have even minute differences  in soils, hydrology, chemical applications, irrigation, etc., 
the information  provided by this study is especially relevant to any site assessment (Hornsby, 
Butler, and Brown 1993). 
Farming practices, as well as the environment in which they are practiced, are paramount 
in determining the potential for  impacts to the aquatic environment. Among factors  to be 
considered in determining the potential for  impacts are tillage practices, chemical application, 
hydrology, and soil types/terrain. In Impacts of  Tillage on Runoff  and Pesticide Transport 
(Isensee 1993), it was found  that runoff  was greater for  no-till than for  tilled land when there was 
less than one week between rains. The tilled plot then experienced greater runoff.  The number of 
agricultural chemicals found  in runoff  was greatest after  the first  rain, and chemical concentrations 
varied with the type of  chemical and till method. 
The study illustrates two important points with regard to this thesis. The first  point is that 
the frequency  of  hydrologic events and their duration can affect  runoff  dramatically. The second 
point is that different  chemicals follow  different  pathways into the environment. Therefore,  with 
some agricultural chemicals an association with eroded soil may be found,  while others may be 
water soluble and thus associated with the runoff  itself  (Isensee 1993). 
Further study of  farming  practices and related runoff/erosion  issues in Rain, Runoff 
and Underground Water (Comis 1992) reveals that no-till farming  is more sustainable in terms of 
runoff  quality and quantity. In addition, it is also more energy efficient  because there is less 
disturbance of  the soil organic layer, less loss of  topsoil to erosion, and less labor intensive. While 
the increased retention of  water may provide cause for  concern of  groundwater pollution by 
chemical residues in soil, the study found  no evidence of  chemical levels in monitoring wells that 
were above levels considered to be unhealthful. 
Analysis of  farming  practices seems to be further  supported by this study. Obviously tilled 
agricultural lands will produce more runoff  and erosion (depending on soils, terrain, etc.) than 
no-till or conservation-till lands. With land use/farming  practices data for  an area, it may be 
possible further  to define  the potential for  threats to water quality and aquatic ecosystems, as well 
as provide direction in conserving soils, and to design more financially,  as well as ecologically, 
efficient  agricultural practices (Comis 1992). 
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The Impact of  Conservation Tillage on Pesticide Runoff  into Surface  Waters (Fawcett, 
Christensen, Tierney 1994) provides more analysis of  the methods of  transport of  agri-chemicals 
into surface  waters. In the process of  this analysis, assessment of  best management practices for 
agriculture are also considered. Among the findings  of  this study are that conservation-tillage, 
which involves disturbing the topsoil and burying crop residues by methods of  chisel plowing, 
ridge tillage, etc., resulted in increased water infiltration,  reduced erosion, and slowed overland 
flow.  All these are benefits  of  conservation-tillage and result, generally, in less degradation of 
surface  water quality. Therefore  it was established that, not only do agricultural practices 
influence  runoff  signigicantly, but additionally, they are able to be modified  to be less damaging to 
adjacent ecosystems without incurring significantly  greater inputs of  labor and other production 
costs. In fact,  it was determined that soils which had been tilled in the conservation mode were 
more able to absorb and retain moisture and nutrients, thus making them more productive than 
traditionally worked soils. 
In addition to detailing benefits  of  conservation-tillage, the study provides insight 
to mechanisms for  pesticide losses from  fields  to surface  waters. Pesticide loss with sediment and 
water carriers is determined by the volume of  carriers and the concentration of  chemicals in, or 
on, the carriers. Concentration of  chemicals in sediment and water are determined by the quantity 
of  chemicals applied, their persistence, solubility, degree of  adsorption and location of  chemicals 
in the soil profile  (Fawcett, Christensen, Tierney 1994). 
Agricultural Ecology and the Environment (Stinner and Paoletti 1989) also focuses  on 
farming  practices and associated potential for  runoff.  Among the findings  of  this study are that 
runoff  is inversely related to crop cover and directly related to frequency  of  cultivation. Several 
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studies referenced  by the authors indicate that grasslands are characterized by less overland flow 
(runoff)  than is typical of  cultivated crop land because grass provides a more consistent organic 
layer in the soil. This increases infiltration  capacities and provides a more continuous cover which 
intercepts more rainfall.  All of  this points to cultivated lands, especially conventionally cultivated 
lands, being more prone to runoff  problems than natural habitats or non-tilled lands (Stinner and 
Paoletti 1989). 
Another study in Agriculture and the Environment (Briggs, Courtney 1985) makes a 
distinct point by stating that agricultural runoff,  with all the other potential contributors to areas 
where its results are shown, has not and may not ever be identified  to a level necessary for 
adequate analysis of  the practices which produce it. This is an important point to consider in 
assessing any water quality impact, for  if  a definite  source of  impacts cannot be ascertained, then, 
surely, remediation or mitigation would be very difficult  (Briggs and Courtney 1985). 
The United  States  Environmental  Protection  Agency Journal  article, Introducing 
Nonpoint Source Pollution (Griffin  1991), speaks to this problem of  identifying  nonpoint sources. 
The relatively vague origins of  nonpoint source pollution is one of  the main reasons why it has 
been slow to gain public recognition and subsequent activity in the form  of  new, best management 
practices for  responsible parties, legislation, etc. The article declares that as much as 50 to 70 
percent of  impaired or threatened surface  waters are affected  by nonpoint source pollution from 
agricultural activities. 
The article goes on to detail the history of  consciousness and policy making regarding 
nonpoint source pollution and emphasizes the need for  an enhanced effort  to learn the 
mechanisms driving this pollution. In discussion of  nonpoint source pollution control strategies, 
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the article makes an important point: control strategies proceed from  two basic principles, both 
of  which involve land use practices. To control nonpoint source pollution, first,  the land must be 
able to retain water, and second, the pollutants that may run off  must be minimized in quantity and 
quality (Griffin  1991). 
An interesting point to be considered in light of  the knowledge of  the importance of  land 
use considerations when discussing nonpoint source water pollution assessment is that agriculture, 
for  all its potential pitfalls,  is not only a necessity, but is highly desirable to other, more damaging 
land uses, especially in the coastal zone. According to Agriculture in the Coastal Zone 
(Rodriguez 1982) the relative sensitivity of  coastal lands as well as aesthetic value are the reasons 
behind the California  Coastal Act's stated "preference"  for  agricultural use of  coastal lands when 
proposed developments loom on the horizon. 
Agricultural land uses can act as buffers  to urban areas and parks and can also serve the 
purpose of  providing economically productive land use in areas where other economically 
oriented land uses (residential, commercial, industrial development) would detract from  the 
natural environment in ways much less subtle than those associated with agriculture (smog, traffic, 
noise, accelerated runoff  from  paved surfaces,  etc.) (Rodriguez 1982). 
While it is important to understand the role of  the socio-economic/natural environmental 
balance in land use decisions, it is also necessary to analyze the estimated, if  subtle, and unclear 
detrimental effects  of  these decisions if  a long range, sustainable use of  the land is to be achieved. 
As we have seen, impacts can be determined by analysis of  the land being used: hydrology, soils, 
terrain, wind, etc.; the way in which it is used: non-till, conservation till, irrigation scheduling, 
etc.; and the types of  potential pollutants that are applied to it: herbicides, pesticides, or topsoil 
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runoff  as erosion, resulting in increased suspended sediment in streams. In the case of  stream 
transport of  pollutants, it would also seem sensible to have consideration for  the character of  the 
environment downstream. This consideration would include, in our case, the changes in the 
biological character as an indicator of  changes in water quality. 
Water Quality 
The Region 3 Draft  Water Quality Control Plan (CCRWQCB 1989) delineates the 
management plan for  the surface  and groundwater, waters of  the state of  California,  Region—the 
area includes the Salinas, Pajaro, Carmel and other rivers, as well as Elkhorn Slough, Moro Cojo 
Slough, Bennett Slough and Monterey Bay. This plan includes discussion of  designated beneficial 
uses of  particular water bodies, criteria for  contamination levels that the bodies of  water are 
required not to exceed, and methods for  maintenance and improvement of  these waters. This 
document provides the foundation  for  determining many potential and existing impacts to aquatic 
systems. By outlining designated beneficial  uses of  water bodies and quantifying  limits for 
particular categories of  pollutants (total dissolved solids, metals, etc.), it is possible to compare 
monitoring data to the limits delineated in the plan and thus, use this plan along with other studies 
to assess potential environmental impacts related to degradation of  water quality in the area 
(Central Coast Regional Water Quality Control Board 1989). 
The need for  further  assessment of  water quality/environmental health and agricultural 
sustainability is clearly outlined by this plan, as well as the historically relevant Impacts of 
Agricultural Industrialization in the Salinas River Valley (Fitzsimmons 1993). While this study of 
the valley focuses  mainly on the socio-economic factors  behind agricultural industrialization, it 
also examines water quality issues in the area. It is evident that the area has had a long history of 
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potentially environmentally threatening agricultural practices, (DDT, and other agricultural 
chemical use, erosion problems, etc.). Thus, this study helps delineate the nature of  the problem 
in the Castroville area (Fitzsimmons 1993). 
The Lake Erie Ago-Ecosystem Program: Water Quality Assessments (Baker 1993) is a 
study of  row crop runoff  in the watersheds draining to Lake Erie. Mass balance methods were 
used to analyze sediments and pesticides, etc., contributions to watersheds in order to: assess 
effectiveness  of  best management practices, provide guidance to future  water quality management 
programs and illustrate regional water quality impacts of  agricultural land use. The study found, 
overall, a reduction in phosphorous export and an increase in nitrogen concentration. This was 
assumed to be the result of  more careful  fertilizer  management and use of  conservation tillage 
(Baker 1993). 
The Lake Erie study focuses  on row crop agriculture, which is an important similarity to 
the area around Castroville. In addition, the study notes the importance of  analysis of  tributary 
watersheds when assessing nonpoint source pollution problems. The watersheds draining into 
Monterey Bay, for  the most part, drain river valley and other wetland areas that are planted with 
row crops, artichokes, strawberries, brussels sprouts, etc. In addition, the circulation of  Monterey 
Bay has been described as being similar to a lake's in that it is a relatively closed system within the 
bay (Santa Cruz Youth Commission 1970). Thus the importance of  considering the adjacent 
surface  water quality and land use factors  in a runoff  scenario are further  established as being 
paramount in a situation such as that in and around the Castroville area. 
Aquatic Resources 
Water Quality Assessments—A Guide to the Use of  Biota, Sediment, and Water In 
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Environmental Monitoring (Chapman 1992) provides important background for  any assessment of 
potential biological impacts on aquatic systems. Different  factors  affecting  biological 
communities in riparian, estuarine, and marine environments need consideration in appropriate 
order, as well as the habitats and community zonation of  such environments that these factors 
(temperature, chemistry, turbidity, etc.) influence,  provide the underlying foundation  of  data for 
such assessments. Factors such as temperature, chemistry, turbidity, etc. may take on more or 
less importance, but the combination of  such factors  defines  these areas and thus play an 
important role in determining species quality and quantity, or biodiversity, in the area. 
It is imperative to have an understanding of  water quality as it affects  the ecology of  a site, 
not only individual organisms. This text is especially appropriate as it indicates that these factors, 
particularly, erosion/suspended sediment, etc., are perhaps the key factors  affecting  the biological 
character of  rivers and, to a lesser extent, estuaries. Many water quality threatening chemicals are 
associated with the water causing this erosion (runoff),  as well as with the soil that is in itself 
eroded. It appears that any water quality study must focus  on relevant soil erosion/turbidity 
issues (Chapman 1992). 
In a related study, Influence  of  Agricultural Practices on the Levels of  DDT and Its 
Residues in Soil (Baird, Baul, Graham, Hacker 1994) assessment of  the toxic risks of  pesticides 
and their correlation to the physicochemical characteristics and distribution in tissues are analyzed. 
Biological activity of  substances was found  to be related directly to the solubility, vapor pressure, 
partition coefficients,  and intrinsic stability of  a given chemical. In addition, the chemicals and 
enzymes, level of  bioactivity, and distribution of  chemicals in relation to the sites of  distribution 
were all discussed. 
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Amidst the analysis of  methods and levels of  bioaccumulation are the conclusions that 
because of  various organochlorines' persistence in the environment (due to their highly lipophilic 
character), they will continue to be a hazard in the environment for  many years. These substances 
were designed to be systemic—able to penetrate tissues—as opposed to organophosphate 
pesticides which are nonsystemic and more hydrophilic than lipophilic. These facts  not only relate 
to the method by which these chemicals reach the aquatic environment—organochlorines by 
attachment to soil particles in erosion and organophosphates by solubility in runoff  water—but 
also indicate the level of  toxicity to aquatic life.  Because organochlorines are lipophilic, they are 
stored in fats  (lipids) and are more persistent and subject to bioaccumulation over time as they 
move through the food  chain (Baird, Baul, Graham, Hacker 1994). 
By entering the food  chain in areas, such as estuaries, rivers and the like, which are 
characterized by their potential for  serving as migratory overwintering areas, spawning, nursery, 
and feeding  grounds for  many species of  fish,  birds and other life  found  along the coastal margins, 
it is apparent that agri-chemicals, and especially persistent organochlorine residues can pose a 
long term, wide reaching threat to aquatic resources. 
Impacts of  Nonpoint Source Water Pollution 
Environmental Impacts of  Agricultural Production Activities (Canter 1986) provides 
further  information  on assessment of  threats of  nonpoint source pollution. This study is a 
comprehensive analysis of  agricultural practices, water and soil impacts, air quality impacts, noise 
and solid waste impacts, and comparisons of  emerging agricultural production technologies. It 
details the main effects  of  runoff  from  agricultural sedimentation/erosion, transport of  agricultural 
chemicals, increased salinity of  surface  and groundwater, overburden of  surface  water biological 
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oxygen demand (due to phosphate loading) and subsequent eutrophication of  stagnant inland 
waters and associated problems such as: bad taste, odors, threats to animal and human health, 
increases in mosquito populations, etc. Irrigated cropland was particularly susceptible to 
increased soil erosion and the associated problems of  transport of  persistent agricultural 
chemicals, and among other things, increases in surface  water turbidity. 
The study provides detailed information  on impacts of  particular agricultural chemicals, 
and characteristics of  these chemicals (mobility, toxicity). In doing so it provides valuable 
information  with regard to the study of  the Castroville area. In addition, it is noted again that the 
main off-site  impact of  agricultural runoff  is the loading of  surface  waters with eroded soil (Canter 
1986). 
Environmental Impacts of  Nonpoint Source Pollution (Davidson, Overcash 1980) 
emphasizes the importance of  the study of  local soils, land use practices affecting  them, and the 
nature of  the particular environment (hydrology, etc.) in determining impacts of  nonpoint source 
pollution. It divides environments down to two general categories: those of  plant, soil water 
systems, and those of  animal, plant, soil and water systems. The text goes on to illustrate a 
variety of  different  models for  predicting pollution levels in different  environments, and the 
associated problems of  using theoretical modelling to depict highly variable, and, as of  yet, poorly 
understood interacting processes of  chemical degradation, soil chemistry, biomagnification, 
topography and the numerous other processes involved in any given environmental scenario In 
addition, the study gives partition coefficients  for  various commonly used pesticides, which allows 
us to make estimates about a particular chemical's affinity  for  binding to soils, and consequently 
becoming deposited in wetland areas as suspended, and or settled sediment (Davidson, Overcash 
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1980). 
Impacts of  Emerging Agricultural Trends on Fish and Wildlife  (Committee on Impacts of 
Emerging Agricultural Trends on Fish and Wildlife  Habitat 1982) provides detailed analyses of  a 
number of  subjects including land and water use trends, crop productivity, etc., and impacts of 
agriculture on crop and pasture habitats, forest  wildlife,  western rangeland, and other bioses 
including woodlands of  various types. The analyses of  impacts to aquatic ecosystems, in 
particular, describes the geographical and ecological characteristics of  such areas, how agriculture 
affects  these areas, changes in water quality due to agricultural activities, etc. 
Among the many interesting points of  the studies in this text are the findings  regarding 
pesticide transport and residence time in the water column. Organochlorines were found  to be 
more likely to be transported on sediment in runoff  because of  their persistence and insolubility. 
Organophosphates were more water soluble. Herbicides, generally used in areas where 
conservation tillage is employed (to control weed growth that would otherwise be controlled by 
tillage) are highly soluble and thus easily transported to surface  waters. While evidence of  these 
chemicals is often  not found  in samples, biopsies often  show evidence of  elevated levels of  these 
chemicals. The study points out that pesticides, especially the more persistent ones, are much 
more dangerous to anadromous fish  species (steelhead, salmon, etc.) and shellfish  than other 
agriculturally related water pollutants (Committee on Impacts of  Emerging Agricultural Trends 
on Fish and Wildlife  Habitat 1982). 
It is apparent that, in consideration of  impacts to aquatic ecosystems, it is important to 
determine the natural environmental state: soils, hydrology, geography, biodiversity; the 
agricultural state: practices of  land use, irrigation, pesticide applications, etc.; as well as the state 
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of  the environment where the two environments overlap to form  a unique environment. The 
nature of  agricultural practices apparently means the difference  between few  impacts and many 
impacts, but clearly this varies with the erodability of  the soil upon which runoff,  if  any, occurs, 
and the richness of  the environment into which potential pollutants will cause contamination. 
Canter suggests among models for  erosion assessment, pesticide pollution, etc., methods for 
determining impacts of  such processes. The procedures involve consideration of  many factors 
including types of  pesticides used, and how they are transported in the environment when they are 
applied. This information  feeds  into hydrologic and erosion models to provide estimates of 
potential impacts. Models consider application, surface  (soil) storage, interactions, and 
degradation and uptake when considering potential impacts of  pesticides as nonpoint source water 
pollution. The study makes note of  many models and indicates that the number of  variables in 
assessing transport of  pollutants makes simulation of  their movement difficult.  Thus, it may be 
easier to base impact determinations upon information  provided by data such as uptake and 
storage data gathered from  analysis of  tissue of  aquatic organisms, simplified  environmental 
models, and other more readily interpreted studies. 
Other studies, such as Wetlands - Guide to Science, Law and Technology (Berry and 
Dennison 1993), provide further  insight into the problems of  environmental impact 
determination. The measurement of  "value" of  habitat and wildlife  is the foundation  of  their 
assessments. The delineation of  consumptive vs. nonconsumptive values is made, with each being 
further  divided into more specific  values. Consumptive values are those associated with the 
harvesting of  wildlife  and related resources. These values are further  divided into commercial and 
recreational values. Nonconsumptive values are associated with activities which do not preclude 
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late use of  the same resource. These values are further  divided into recreational, biological, 
environmental quality, educational, philosophic, and aesthetic values. Additionally, the values of 
option, existence and negative values are also recognized. Option values are those which are 
attributed to the knowledge that a resource is available for  future  use. Existence values are those 
associated with the knowledge that wildlife  resources exist in an area whether or not they are used 
in some way. Negative values are those attributed to resources by their potential to impact other 
values to human resources. It is noted that these values often  overlap. For example, while a 
hunter gains consumptive value by harvesting a deer, he also gains nonconsumptive value by 
experiencing the pristine habitat; while a nonhunter may lose nonconsumptive value and gain 
negative value by the harvest of  the deer by the hunter. 
These values may be assessed economically and biologically to provide a comprehensive 
impact assessment. Biological values can be assessed by measuring species density and diversity 
(by the United States Fish and Wildlife  Service Habitat Evaluation Procedure, etc.), while 
economic values can be assigned by assessing the monetary amount spent by participants in 
wildlife  related activities, market values of  resources, and survey/interview methods regarding 
resource values (Berry and Dennison 1993). 
With this in mind it seems clear that an assessment of  impacts of  nonpoint source pollution 
is best undertaken with the use of  a model of  the factors  affecting  the scenario. Once data has 
been analyzed within this framework,  consideration of  the cumulative effects  of  these factors  can 
be more readily pursued, and estimations of  potential impacts can be established. 
Conclusions 
It is apparent that many different  procedures may be considered in assessing impacts. In 
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addition, there are many different  factors  which must be considered with the estimation of  these 
impacts. A well planned data analysis and impact assessment method is of  utmost importance in 
the process of  this study as well as any other. An analysis of  the main contributing factors  to the 
nonpoint source pollution scenario; characteristics of  soils, land use, water quality, and aquatic 
resources, in the watersheds surrounding the particular study sites is supported by the literature. 
Though many other factors,  such as divergent patterns of  precipitation, may contribute to, or 
lessen the amount and quality of  runoff,  the potential for  runoff  to occur over the course of  many 
seasons can be directly attributed to factors  such as soil and land use characteristics. The reality 
of  potential impacts to aquatic resources may be more readily established by an assessment of 
water quality and the level to which these resources actually exist. 
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CHAPTER 3 
RESEARCH METHODOLOGY 
Overview 
The analysis of  impacts to aquatic resources in the study area will involve assessment of 
various types of  data from  the watershed(s) (58/005, and 48/005, as defined  by the DWR) areas 
defined  by the Bennet Slough on the north, the nearshore waters of  the Pacific  Ocean on the west, 
the Salinas River on the south, and the eastern edges of  the watersheds as defined  by the 
California  DWR. Because activities at upland sites within the watersheds may have impacts on 
the entire drainage area, estimation of  environmental impacts must include consideration of  all 
nonpoint source water pollution (nps water pollution) influencing  factors  in the context of 
downstream resources. The boundaries of  this study are designated to limit the study of  the 
nonpoint source water pollution scenario to a manageable area that is most likely to represent the 
entire spectrum of  agricultural operations and wetland types in the study area. The selection of 
specific  study sites within the study area was based upon the historical use of  such sites by the 
State Mussel Watch Project, and Toxic Substance Monitoring Program (and the existence of 
associated well reviewed water quality data), as well as the desire to represent the spectrum of 
different  types of  geography and habitat within the area. For example, upland sites on drains and 
sloughs, as well as estuarine and marine sites are included within the study area These sites 
include Upper Elkhorn Slough, Blanco Drain on the Salinas River, Moss Landing Harbor, etc 
(see list of  study sites, Table 3.1., map of  study sites Figure 4.1.). 
The data required to analyze potential impacts to aquatic resources resulting from 
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nonpoint source water pollution is varied. As is evident in previous studies, knowledge of 
pollution transport erosion, hydrology, and various other environmental variables is necessary 
before  considering the processes and resources they may be affecting  as nonpoint source water 
pollution. When considering agricultural origins of  nonpoint source pollution, the relative 
importance of  organochlorine based pesticides as the primary threat to water quality seems clear. 
Because of  their persistence in the environment, toxicity of  breakdown products, and 
susceptibility to being transported by runoff  with sediment, data regarding soil's characteristics of 
erodability/runoff,  the area's land uses and their potential to encourage runoff  of  pesticide laden 
suspended sediment, as well as the levels of  organochlorine residues already present in the local 
surface  waters must be focused  upon before  assessment of  what aquatic resources are actually 
threaten is pursued. 
Thus the individual study sites will be examined closely with regard to the following 
characteristics: soils; with regard to erodability and runoff  potential, land uses; with regard to 
their likelihood to influence  soils erosion, increase runoff,  and contribute agri-industrial chemicals 
to suspended sediments associated with such runoff,  water quality; with regard to the current 
levels of  persistent agri-industrial chemical residues found  in the local surface  waters, and aquatic 
resources; with regard to the relative extent of  coverage of  the particular study site by surface 
water (and the inferred  recreational, aesthetic, economic, and biologic 'Values" of  such). The 
consideration of  the compilation of  all factors  at each site provides an estimation of  the 
environmental impacts threat posed by agricultural nonpoint source water pollution at each site, 
and in the study area in general. The various factors,  such as land use, that have been 
hypothesized to influence  nps water pollution impacts in the area were assessed within a 1 mile 
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radius of  each selected site. As has been illustrated by the flooding  of  the winters of  1994-1996, 
the choice of  a 1 mile radius study area at each site is not unreasonable in that much of  the 
landscape of  the entire study area is capable of  being partially, or even entirely flooded  during 
severe weather (personal observation). Though the 1 mile radius area for  each site was chosen 
arbitrarily, it was done so with the consideration that in this severe weather scenario, it is fair  to 
assume that factors  of  soils, land use, water quality, and aquatic resources within this lmile radius 
area of  each site effect  significant  environmental impacts at each site, and ultimately at many 
others downstream. Ultimately, all data for  each factor  in this study (soils, land use, water 
quality, and aquatic resources) will be interpreted by a numerical "factor  weight" system. This 
system was devised by the author in order to expedite the process of  determining an overall 
agricultural nps water pollution potential impact scenario. In that the assessment of  each factor  in 
the determination of  this scenario is fairly  general, the factor  weight system will consist of  a 
qualitative numerical scale. This scale ranges from  0 - 3 with lesser factor  weight values 
representing the respective factor's  (soils, land use, etc.) low likelihood to potentiate a nonpoint 
source water pollution problem, and higher factor  weight values representing the respective 
factor's  relatively high likelihood to potentiate a nonpoint source water pollution problem in the 
study area. 
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TABLE 3.1. STUDY SITES 
1. Moss Landing Yacht Harbor 22. Blanco Drain 
2. Azevedo Pond 
3. Parson's Slough 
4. Elkhorn Slough/Pacific  Mariculture 
5. Elkhorn Slough/Tidal Pond 
6. Elkhorn Slough/Highway 1 Bridge 
7. MoroCojo 
8. Moro Cojo Slough 
9. Sandholdt Bridge 
10. Salinas River Lagoon 1 
11. Salinas River Lagoon 2 
12. Old Salinas River 1 
13. Old Salinas River 2 
14. Blanco Pump (west) 
15. Tembladero Slough 
16. Moss Landing Harbor 
17. Elkhorn Slough 
18. Salinas Reclamation/Tembladero Slough 
19. Espinosa Slough 
20. Alisal (west) 
21. Alisal/Tembladero 
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Data 
The data for  this study is secondary data, and data derived from  secondary data of  various 
agencies. Analysis of  such data carried out primarily by the descriptive survey method. 
Soils 
Soil data for  this study is secondary data relating to the erosion and runoff  characteristics 
of  the soils of  the study area. The basis for  qualitative assessment of  soils with regard to erosion 
and runoff  potential, and thus, their likelihood to contribute suspended sediment, and pesticides 
associated with such to local surface  waters, is found  in the United States Department of 
Agriculture, Natural Resource Conservation Service (USDA/NRCS) surveys. The soil survey of 
Monterey County, California  was produced in cooperation with the United States Forest Service, 
and the University of  California  Agricultural Experimentation Station in 1978, and as is noted 
inside the front  cover, "remains valid indefinitely"  (a reference  to the relatively unchanging nature 
of  soils in the survey area). The data relating percent coverage of  particular soils was derived 
from  analysis of  said soil survey maps by the author's use of  a grid/counting method. 
The descriptive method was employed for  analysis of  the soil factor.  Soil data relates to 
the potential for  soils to erode and runoff  as suspended sediment when impacted by heavy 
agricultural-industrial land uses, and the relative composition of  such soils within a 1 mile radius 
of  each study site. The analysis of  soils entailed a qualitative weight being given to the site based 
on the percentage of  its area being characterized by particular soil types. The weights for 
individual soils, as listed in Table 4.1, range from  a 0 for  a soil with zero erosion/runoff  potential 
to 3 for  a soil with high erosion/runoff  potential. These weights, when compared to the relative 
coverage of  the particular site by different  soils, provided a foundation  for  an estimate of  the 
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particular site's overall soil erosion/runoff  character. For example, a site with 80 percent 
coverage of  soils that are prone to erosion and runoff  problems rated a total soils erosion/runoff 
factor  weight of  3. This data ultimately fed  into a compilation from  all factors  at each site, which 
provided an estimate of  the environmental impact threats of  agricultural nps water pollution at 
each site, and in the general study area. 
Land Use 
The data used to assess the role of  land use in this study is secondary data derived from 
California  Department of  Water Resources maps. DWR maps are commonly used by planners, 
developers, government agencies, consultants, etc., for  determinations of  the types and extent of 
local land uses. In particular, these maps are used by the state water agencies to determine the 
water management needs for  particular areas. Associated characteristics of  land uses' 
potentiation of  soil erosion/runoff,  and likelihood to contribute agri-industrial chemicals to local 
surface  waters was determined by review of  related literature, and personal observations. 
Analysis of  landu uses within the study area were based upon said DWR maps. The data relating 
percent coverage of  particular land uses was derived from  analysis of  said DWR maps by the 
author's use of  a grid/counting method. 
The descriptive method was employed for  the analysis of  the land use factor.  This entailed 
the assignment to particular land uses of  weights based on their potential to aggravate 
erosion/runoff  problems and introduce agri-industrial pesticides to local surfacewaters,  as well as 
an assessment of  the relative coverage at each study site of  such land uses. The area within a one 
mile radius of  each site was assessed for  percent coverage of  different  land uses. For example, a 
site with 70 percent native vegetation (with a corresponding weight of  0), and 30 strawberries 
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(with a corresponding value of  3) received a total land use factor  weight of  1 on a scale of  0 to 3 
for  the land use's likelihood to increase the potential to contribution to the nps pollution problem. 
Again, this data ultimately fed  into a compilation from  all factors  at each site, which provided an 
estimate of  the environmental impact threats of  agricultural nps water pollution at each site, and in 
the general study area. 
Water Quality 
The water quality data for  this study is secondary data relating to suspended sediments 
and pesticide residues in waters of  the study area; the Elkhorn Slough, Moss Landing Harbor, 
Moro Cojo Slough, Tembladero Slough, and the lower Salinas River, primarily. This data is 
found  in the Toxic Substances Monitoring Program and State Mussel Watch Reports of  the State 
Water Resources Control Board (SWRCB). These publications are well reviewed analyses of  the 
State of  California  water quality monitoring programs. This programs entails sampling of  over 
200 freshwater  bodies and ocean waters throughout the state. Tissue samples of  various species 
(fish,  invertebrates, etc.) were analyzed for  metals and organic chemicals, and compared to the 
SWRCB, and National Academy of  Sciences water quality criteria standards. 
Research methodology employed for  the analysis of  this data consisted primarily of  a 
descriptive survey. Sites were given a weight to indicate their level of  total DDT residues, or lack 
thereof,  as compared to the EPA. standards. For instance, a site with a no-detect measurement 
registered a 0 for  relative water pollutants, while a site with a measurement above the standard 
registered according to the particular level of  residual DDT at the site as compared to the 
Maximum Tissue Residue Levels standard (0.32 ppb/wet weight fish  or mussel in ocean waters, 
32.0 ppb in enclosed bays and estuaries, and 32.0 ppb in inland surface  waters as described by 
-7 
SMWP, etc.). Sites that are characterized by DDT residue values that equal, or exceed the 
MTRL resulted in such site receiving a 3, or the maximum total water quality factor  weight value. 
An oceanic site with a MTRL of  32.0 ppb, and a DDT residual value of  5,000 ppb/wet weight 
fish,  therefore,  received a 3 in this qualitative weighting system, while a site with a 10 ppb total 
residual DDT/wet weight fish  weighted 1 by this system (all relative to their particular 
environment and corresponding MTRL). Again, this data ultimately fed  into a compilation of  the 
data from  all factors  at each site, which provided an estimate of  the environmental impact threats 
of  agricultural nonpoint source water pollution at each site, and in the general study area. 
Aquatic Resources 
The data for  aquatic resources for  this study is secondary data relating to the relative 
coverage of  each site by surface  water. The percent coverage of  study sites by surface  water was 
determined by analysis of  USDA/NRCS soil survey maps of  the Castroville area. 
Research methodology for  this data consisted, primarily, of  a descriptive survey. The 
analysis of  the aquatic resource factor  entailed the assignment of  factor  weights according to the 
relative coverage of  each study site by surface  waters. A site with more than 20 percent coverage 
by surface  water received a weight of  3 to represent the maximum potential for  habitat, and other 
aquatic resources. A site with less than 10 to 20 percent coverage by surface  water was weighted 
2, while sites characterized by less than 10 percent coverage by surface  water received weight 
factors  of  0 (for  sites with less than 0.5 percent coverage by surface  water), and 1 (for  sites with 
between 1 and 10 percent coverage by surface  water). Again, this data ultimately fed  into a 
compilation of  the data from  all factors  at each site, which provided an estimate of  the 
environmental impact threats of  agricultural nonpoint source water pollution at each site, and in 
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the general study area. 
Impacts Of  Nonpoint Source Water Pollution 
The secondary data representing the impacts to the environment posed by agricultural 
nonpoint source water pollution was conducted by the descriptive method. This assessment 
entailed a discussion of  the potential impact values/site, local biodiversity; as it is affected  by 
threats to the food  chain, and economic factors  related to fisheries,  and other human, water 
related activities. Fisheries, endangered/threatened species data, and related economic data is 
found  in National Oceanic and Atmospheric Administration Monterey Bay National Marine 
Sanctuary Environmental Impact Statement and Management Plan, California  Department of  Fish 
and Game Atlas of  California  Coastal Marine Resources, NOAA Distribution and Abundance of 
Fishes and Invertebrates in West Coast Estuaries, etc. These studies are state and federal 
agencies' analyses of  the management of  the tributary watersheds of  the bay and the bay itself. 
They are, generally, highly scrutinized due to the level of  interaction between agencies; AMB AG, 
Moss Landing Marine Laboratories, Monterey Bay Aquarium, Monterey Coast Resource 
Conservation District, USDA SCS, NOAA, and the various other institutions in the area which 
commonly review local research, and the high level of  expertise common to the personnel of  said 
agencies in the area. 
Factor weight values were compiled for  each site from  the soils, land use, water quality 
and aquatic resources analyses to form  qualitative weights representing the site specific  impacts 
posed by agricultural nps water pollution. The impact weights were assigned on a scale which 
ranged from  0 - 3 . Lower weights were representative of  sites with zero, or low factor  weight 
values for  the various factors  considered, while high impact weights were representative of  sites 
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that were characterized by high factor  weight values. Thus sites with higher impact weights were 
sites characterized by the prevalence of  erodable soils, land uses that would disturb them, and 
great value as wetland habitat. Therefore  these sites are considered to be the most impacted (and 
likely to impact by increasing the sediment load of  runoff)  aquatic environments in the study area 
in particular, and in the Monterey Bay environment in general. 
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CHAPTER 4 
THE DATA AND ANALYSIS 
Introduction 
The data presented here will describe the character of  the study sites in order to establish 
potential impacts of  agri-industrial nonpoint source water pollution to environment of  the study 
area, and the nearby ocean waters (see Chapter 3 - Methodology). The soils of  the particular 
study sites are highly diverse. This diversity includes a range of  soils from  alluvial, nutrient rich, 
soils of  the flood  plains, to the relatively nutrient poor, unstable soils of  the uplands just east of 
the coast. Though the area is predominantly used for  production of  truck crops, there is a 
diversity of  different  land uses in the area including native vegetation, urban, and other 
agricultural uses. These land uses are of  vary with the season The water quality of  the area is 
also highly variable. The effects  of  severewinter storms upon erosion and runoff  prone landscapes 
(due to both land uses and soils character) can aggravate a nps water pollution problem in the 
area. In spite of  this, the area is rich in aquatic resources. As would be expected in an area 
designated a National Marine Sanctuary, a plethora of  habitats and species are found  in the area. 
Therefore,  not only is the area valuable in itself,  but it is also valuable in that its environmental 
health is essential in maintaining stocks of  commercially valuable fisheries,  and also provides 
opportunities for  ecotourism and other related activities. 
Soils 
The following  text describes the soils found  within the study area, their erosion and runoff 
potentials, and general uses and erosion/runoff  factor  weight assigned (in parentheses at the end 
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of  each soil section). These descriptions provide the foundation  for  analysis of  erosion/runoff  at 
the study sites which this study is considering. The study area, in which these individual study 
sites lie, is characterized by a wide range of  soils. Many of  these soils have little potential for 
erosion and runoff  problems, however a few  are characterized by moderate to high erosion and 
accelerated runoff  potential. The soils are rated accordingly, with 0 representing no potential for 
erosion and/or runoff  problems, while 3 represents the highest potential for  such problems. 
Soil Types: 
This Alviso silty clay loam (Ac) is found  on nearly level ground in wetland areas. This soil 
is not likely to have erosion hazard, and exhibits a very slow runoff  rate. Due to its proximity to 
wetlands, it is often  valuable in its role in riparian, and estuarine ecosystems. (1). 
This Alviso silty clay loam (Ad) is drained and also found  on nearly level ground in 
wetland areas. This soil is characterized by lack of  erosion hazard, and a very slow runoff  rate. 
While this soil is an important part of  riparian, and estuarine environment, it is primarily used for 
cultivation of  hay, artichokes, and the like (1). 
Antioch very fine  sandy loam (AeA) is found  on 0 to 2 percent slopes of  terraces 
and alluvial fans.  It is characterized by its slow or very slow runoff  rate and minimal erosion 
hazard. This soil is primarily used for  irrigated field  and row crops, dry farmed  hay, grain and 
dryland annual pasture (1). 
Antioch very fine  sandy loam (AeC) is found  on 2 to 9 percent slopes of  terraces and 
alluvial fans.  It is characterized by slow to medium runoff  rates and slight to moderate erosion 
hazard. It is primarily used for  irrigated field  and row crops, dryfarmed  hay, grain, irrigated and 
dryland pasture, as well as range (2). 
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Aquatic Xerofluvents  (Af)  are stratified  sands, sandy, silty, and clay loams. They are 
found  as alluvium in flood  plains, and drainageways of  0 to 5 percent slope. This mapping unit is 
characterized by slow runoff  rates and slight to moderate erosion hazard. It is used primarily for 
annual pasture, and irrigated row crops (2). 
Arbuckle gravelly loam (AgC) is a soil found  on 2 to 9 percent slopes of  rolling terraces. 
It is characterized by a medium runoff  rate and moderate erosion hazard. It is primarily used for 
dryfarmed  grain or hay, irrigated field  crops, and annual pasture (2). 
This Arnold loamy sand (AkD) is found  on 9 to 15 percent slopes on the feet  and ridges of 
the uplands in the area. It is characterized by a medium runoff  rate and moderate erosion hazard. 
The soil is primarily used for  cultivation of  strawberries, orchard, row crops, annual pasture and 
range (2). 
Arnold loamy sand (AkF) is found  on 15 to 50 percent slopes of  the uplands. It is 
characterized by a rapid runoff  rate and high erosion hazard. The soil is primarily used for  range, 
wildlife  habitat, watershed, and tree nurseries (3). 
Arnold-Santa Ynez complex (Ar) is found  on dissected terrace remnants, hilltops, and 
wide ridge tops. This complex is characterized by a medium to high runoff  rate and moderate to 
high erosion hazard. It is primarily used for  range, wildlife  habitat, and watershed (3). 
Bavwood sand (BbC) is found  on 2 to 15 percent slopes on stabilized sand dunes. It 
is characterized by a slow to medium runoff  rate and slight to moderate erosion hazard. It is 
primarily used for  grazing, and browsing, however, if  vegetative cover is removed it is subject to 
blowing and erosion (2). 
Clear Lake clay (Cf)  is a soil found  on nearly level soil on flood  plains and in basins. It is 
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characterized by a very slow runoff  rate, and no erosion hazard. The soil is primarily used for 
irrigated row crops such as artichokes, celery and lettuce, though it is an important component of 
wetland ecosystems also (1). 
Clear Lake clay (Cg) is a soil found  on mostly level ground near flood  plains and tidal 
basins. It is composed of  poorly drained alluvium of  sedimentary rock, and typically has tules, 
sedges, and annual grasses growing on it. This soil is characterized by having slow runoff  rates, 
and no erosion hazard. It is primarily used for  irrigated row crops such as cauliflower,  celery, 
lettuce, broccoli, etc (1). 
Dunes (Cm) are prominent features  of  the landscape of  the study area. Typically 
agricultural activities do not occur in these areas, though this area where the land meets the sea in 
an environment of  changing patterns of  wind, water, salinity, wave action, etc. is an important 
component of  the environment of  the area as a whole. This soil is characterized by a high erosion 
rate and excessive drainage (2). 
Cropley silty clay (CnA) is found  on 0 to 2 percent slopes of  alluvial fans,  flood  plains, and 
basins. It is characterized by a slow runoff  rate and minimal erosion hazard. The soil is primarily 
used for  irrigated row and field  crops, such as celery, artichokes, and lettuce (1). 
Cropley silty clay (CnC) is a soil on sloping and moderately sloping fans,  terraces, and 
terrace breaks of  3-5 percent in the study area. This soil is characterized by having a slow to 
medium runoff  rate and slight to moderate erosion hazard. It is used for  irrigated crops, dryland 
grain and hay, and pasture (2). 
Diablo clay (DbD) is found  on 9-15 percent slopes. The soil is characterized by a medium 
runoff  rate and slight erosion hazard. It is used for  range, dryland grain, artichokes, and irrigated 
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row crops (1). 
Diablo clay (DbE) is found  on 15-30 percent slopes of  the study area. It is characterized 
by a rapid runoff  rate and a moderate erosion potential. The soil is used primarily for  range (3). 
Dune land (Df)  is found  on gently to steeply sloping areas of  land in the area. It is 
characterized by its excessive drainage, slow runoff  rate, and high blowing hazard. This soil is 
primarily used for  wildlife  habitat, recreation, and has little agricultural value (2). 
Elkhorn fine  sandy loam (EdB) is found  on marine terrace, and bench slopes of  between 2 
and 5 percent. It is characterized by a slow runoff  rate and slight erosion hazard. The soil is used 
for  cultivation of  artichokes, brussel sprouts, broccoli and strawberries (1). 
Elkhorn fine  sandy loam (EdC)is found  on moderately sloping marine terraces and benches 
of  between 5 and 9 percent. It is characterized by its slow to medium runoff  rate and slight to 
moderate erosion hazard. It is used primarily for  cultivation of  artichokes, broccoli, brussel 
sprouts, and strawberries (2). 
Elkhorn fine  sandy loam (EdD) is found  on 9 to 15 percent slopes of  marine terraces and 
benches. It is characterized by its medium runoff  rate and moderate erosion hazard. This soil is 
used primarily for  brussel sprout, artichoke, broccoli and strawberry cultivation (3). 
Elkhorn fine  sandy loam thin surface  variant (EeD) of  this type is found  on 5 to 15 
percent slopes of  marine terraces. It is characterized by a medium runoff  rate, and moderate 
erosion hazard. This soil is used primarily for  cultivation of  brussel sprouts, strawberries, 
cabbage, artichokes, and annual pasture (2). 
Elkhorn fine  sandy loam, thin surface  variant (EeE) of  this type is found  on 15 to 30 
percent slopes of  marine terraces. It is characterized by a high runoff  rate and high erosion 
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hazard. This soil is used primarily for  range and dryland grain (3). 
Gamboa-Sur complex (Ga) is a mapping unit representing soils derived from  sandstone, 
schistose, and granitic rocks of  the uplands. They are characterized by having high runoff  rates 
and a very high erosion hazard. The soils are used primarily for  recreation, watershed, and 
wildlife  habitat (3). 
Metz loamy sand (Me)is a nearly level soil on flood  plains. It is characterized by its slow 
runoff  rate and slight erosion hazard. The soil is used primarily for  irrigated row crops, pasture, 
and dryland grain (1). 
Metz fine  sandy loam (Mf)  is found  on level flood  plains of  the area. This soil is 
characterized by its slow runoff  rate, slight erosion hazard and susceptibility to blowing. It is used 
primarily for  irrigated row crops (1). 
Metz complex (Mg) is found  on gently rolling ground along drainageways, and on 
modified  sand dunes. This soil is characterized by its slow runoff  rate, slight erosion hazard, and 
susceptibility to blowing. It is used primarily for  range and dryland grain (1). 
Mocho silt loam (MnA) is found  on 0 to 2 percent slopes of  flood  plains. This soil is 
characterized by a slow runoff  rate and slight erosion hazard. It is used for  vegetable and field 
crop cultivation (1). 
Mocho silt loam (MoA)is found  on 0 to 2 percent slopes of  flood  plains. This soil is 
characterized by a slow runoff  rate and minimal erosion hazard. It is used for  vegetable and field 
crop cultivation, dryland grain, and some range (1). 
Oceano loamy sand (OaD) is found  on 2 to 15 percent slopes of  dunelike hills in the area 
This soil is characterized by its slow to medium runoff  rate and slight to moderate erosion hazard 
-6 
It is used mostly for  range, irrigated row crops, and grain cultivation (2). 
Pacheco clay loam (Pa) is found  on nearly level flood  plains of  the area. This soil is 
characterized by its very slow runoff  rate, and minimal erosion hazard. It is used primarily for 
cultivation of  artichokes, broccoli, and celery (1). 
Pico fine  sandy loam (Pf)  is a soil found  on the level ground of  flood  plains. It is 
characterized by its slow runoff  rate and slight erosion hazard. This soil is used primarily for 
cultivation of  row crops, such as asparagus, lettuce, carrots, and potatoes, as well as dryland 
grain, and pasture (1). 
Psamments and Fluvents occasionally flooded  (Pr), is a soil comprised of  stratified  sandy, 
gravelly and cobble sediments, and is found  on level flood  plains. This soil has excessive 
drainage, a slow to very slow runoff  rate, and moderate erosion hazard. This soil is used 
primarily for  recreation, and rarely, for  range (2). 
Rindge muck (Rb) is a nearly level soil in old sloughs, tidal basins, lake basins, and 
drainageways. It is characterized by a very slow runoff  rate and no erosion hazard. This soil is 
used primarily for  pasture, recreation, and wildlife  habitat (0). 
Salinas clay loam (SbA) is found  on 0 to 2 percent slopes of  low terraces. It is 
characterized by a slow runoff  rate and minimal erosion hazard. It is used primarily for  irrigated 
row and field  crops (1). 
Santa Ynez fine  sandy loam (ShC) is found  on 2 to 9 percent slopes of  marine terraces in 
the area. It is characterized by its slow to medium runoff  rate and slight to moderate erosion 
hazard. This soil is used primarily for  cultivation of  irrigated crops such as strawberries, as well 
as for  pasture, dryland grain, and range (2). 
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Santa Ynez fine  sandy loam (ShD) is found  on 9 to 15 percent slopes of  terraces and low 
hills in the area. This soil is characterized by its medium runoff  rate and moderate erosion 
hazard. It is used primarily for  range, pasture, and dryland grain (2). 
Santa Ynez fine  sandy loam (ShE) is found  on 15 to 30 percent slopes of  the hills and 
dissected terraces of  the area. It is characterized by its rapid runoff  rate and high erosion hazard. 
This soil is used primarily for  range (3). 
Xerorthents. loamy soils (Xc) are found  on 15 to 50 percent slopes of  steep bluffs  and 
banks along major rivers, escarpments of  terraces, on fans  and alluvial plains, and along 
drainageways of  the area. This soil is characterized by its variable runoff  and erosion potentials. 
It is used primarily for  annual range or it is left  idle (2). 
Xerorthents. dissected (Xd) are steep to extremely steep soils on bluffs  along major rivers, 
on steep escarpments of  banks and terraces, and on the banks of  deeply entrenched streams and 
gullies that have narrow bottoms. Slopes where this soil is found  are generally between 50 to 65 
percent, and therefore,  runoff  is very rapid, and the erosion hazard is very high. The soil is used 
primarily for  watershed, wildlife  habitat, and range (3). 
Soil Data: 
Table 4 .1. details soil types, their associated characteristics of  erosion/runoff  and their 
percent coverage, as well as surface  water percent coverage for  each study site within the study 
area. Soils are described by an erosion/runoff  factor  weight, which ranges from  0-3 . The low 
values will describe soils that have the lowest potential for  erosion/runoff  problems, while the 
highest values will indicate soils that have the highest potential for  such problems. Finally, at the 
end of  each site's data set, a total erosion/runoff  factor  weight, which represents an estimated 
-8 
average of  each site's compiled potential for  erosion/runoff  problems. This weight will be based 
on the same scale as the individual soils erosion/runoff  factor  weight; 0 represents no potential 
for  erosion/runoff  problems, while 3 represents a great potential for  erosion/runoff  problems. 
The soils which are most prone to erosion/runoff  problems are located on the steep slopes 
of  the hills that are not in the direct study area (but do, nonetheless form  the boundary of  the local 
watersheds, and therefore  erosion/runoff  of  these soils should be a point of  consideration in any 
comprehensive study of  this area) there are a number particular sites within the general study area 
that are characterized by soil compositions that are likely to be relatively fragile  in the context of 
their use for  agri-industrial activities. The data suggests that Site 2 is particularly prone to erosion 
and runoff  problems. In addition, numerous sites, including: 3, 4, 5, 7, 8, 9, 17 and 18, are 
characterized by being at least moderately suseptable to erosion/runoff  problems. All of  these 
sites that are characterized by problematic levels of  soil erosion/runoff  lie along Elkhorn Slough, 
or adjoining wetlands. Therefore,  it is especially important to understand the importance of 
perturbations of  soil erosion and runoff  patterns may have on flora  and fauna  of  such areas. 
Beyond the issue of  pesticide transport that is a main focus  of  the agri-industrial npsp 
investigation in this area, increased sediment load of  the sloughs may result increased anaerobic 
conditions, decreased photosynthetic activity, changes of  bed substrate - resulting in negatively 
impacted spawning and feeding  of  fishes,  etc. must all be considerations of  increased transport of 
soils into local surface  waters. Table 4.2. illustrates each site's total erosion/runoff  factor  weights 
in comparison to each other. 
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TABLE 4.1. SOILS SUMMARY/SITE 
SITE 1 - MOSS 
LANDING YACHT 
HARBOR 
Ac 
Ad 
Cm 
Df 
EdC 
OaD 
ShC 
Surface  Water 
1 
1 
2 
2 
2 
2 
2 
0 
36 
3 
3 
10 
12 
3 
11 
22 
SITE 2 - AZEVEDO 
POND 
Ac 
Ad 
AkD 
AkF 
Ar 
Cf 
DbE 
EdB 
EdC 
EdD 
EeE 
ShC 
ShD 
ShE 
Xd 
Surface  Water 
1 
1 
2 
3 
3 
1 
3 
1 
2 
3 
3 
2 
3 
3 
3 
0 
13 
8 
6 
25 
2 
1 
1 
5 
6 
7 
11 
2 
1 
5 
1 
6 
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TABLE 4 . . S SUMMARY/SITE 
SITE 3 - PARSON'S 
SLOUGH 
Ac 1 26 
Ad 1 11 
AkF 3 2 
DbD 1 5 
DbE 3 3 
EdB 1 2 
EeD 2 1 
OaD 2 1 
Rb 0 6 
ShC 2 8 
ShD 3 1 
ShE 3 23 
Surface  Water 0 11 
. 2 
SITE 4 - ELKHORN 
SLOUGH/PACIFIC 
MARI CULTURE 
Ac 1 31 
Ad 1 1 
AgC 2 2 
DbD 1 3 
DbE 3 1 
EdB 1 2 
EdC 2 5 
OaD 2 8 
ShC 2 18 
ShD 3 6 
ShE 3 12 
Surface  Water 0 11 
11111111 
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TABLE 4 . . S SUMMARY/SITE 
SITE 5 - ELKHORN 
SLOUGH/TIDAL 
POND 
Ac 
Ad 
Af 
AkD 
AkF 
AgC 
EdB 
EeE 
ShC 
ShD 
ShE 
Xd 
Surface  Water 
1 
1 
1 
2 
3 
2 
1 
3 
2 
3 
3 
3 
0 
16 
12 
3 
2 
23 
1 
8 
11 
8 
1 
3 
1 
11 
SITE 6 - ELKHORN 
SLOUGH/HIGHWAY 
1 BRIDGE 
Ac 
Ad 
Cm 
Df 
EdC 
OaD 
ShC 
Surface  Water 
1 
1 
2 
2 
2 
2 
2 
0 
36 
5 
3 
5 
10 
8 
13 
20 
KMKiSSSiiiiS is SSSSjKSjjMS Si 
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TABLE 4 . . S SUMMARY/SITE 
SITE 7 - MORO COJO 
Ac 1 23 
Ad 1 12 
Cm 2 2 
Df 2 7 
EdC 2 10 
OaD 2 13 
ShC 2 17 
ShD 3 2 
Xc 2 1 
Surface  Water 0 13 
SITE 8 - MORO COJO 
SLOUGH 
Ac 1 6 
Ad 1 19 
Cf 1 9 
Cm 2 4 
Df 2 4 
EdB 1 2 
EdC 2 9 
OaD 2 9 
Pa 1 3 
ShC 2 22 
ShD 3 1 
Xc 2 1 
Surface  Water 0 11 
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TABLE 4.1. SOILS SUMMARY/SITE 
SITE 9 -
SANDHOLDT 
BRIDGE 
Ac 
Ad 
Cf 
DbD 
DbE 
Df 
EdB 
EdC 
OaD 
Pa 
ShC 
Surface  Water 
1 
1 
1 
1 
3 
2 
1 
2 
2 
1 
2 
0 
12 
18 
16 
2 
1 
8 
6 
2 
13 
5 
13 
4 
SITE 10 - SALINAS 
RIVER LAGOON 1 
Ac 1 11 
Ad 1 1 
Cm 2 4 
Df 2 11 
Ga 3 2 
Mf 1 6 
MnA 1 6 
MoA 1 1 
Pa 1 42 
Pf 1 1 
Pr 2 4 
Surface  Water 0 13 
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TABLE 4 . . S SUMMARY/SITE 
SITE 11 - SALINAS 
RIVER LAGOON 2 
Ac 
Ad 
CnA 
Cg 
Me 
Mf 
Mg 
MnA 
OaD 
Pa 
Pf 
Pr 
Surface  Water 
2 
0 
7 
1 
4 
8 
5 
11 
2 
4 
20 
28 
4 
1 
6 
SITE 12 - OLD 
SALINAS RIVER 1 
Ac 
Ad 
Cm 
Df 
MoA 
Pa 
Pf 
Pr 
Surface  Water 
1 
1 
2 
2 
1 
1 
1 
1 
0 
15 
1 
4 
8 
1 
47 
1 
4 
18 
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TABLE 4 . . S SUMMARY/SITE 
SITE 13 - OLD 
SALINAS RIVER 2 
Ac 1 4 
Ad 1 1 
Cf  1 4 
Df  2 12 
Pa 1 73 
Surface  Water 0 6 
SITE 14- BLANCO 
PUMP (WEST) 
Ac 1 8 
Ad 1 2 
Cf 1 19 
Cm 2 2 
Df 2 9 
EdB 1 9 
Pa 1 47 
Surface  Water 0 4 
SITE 15 -
TEMBLADERO 
SLOUGH 
Cg 1 53 
Mf  1 1 
Mn 1 4 
Pf  1 27 
Pa 1 7 
SbA 1 8 
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TABLE 4 . . S SUMMARY/SITE 
SITE 16-MOSS 
LANDING HARBOR 
Ac 
Ad 
Cm 
Df 
EdC 
OaD 
ShC 
Xc 
Surface  Water 
1 
1 
2 
2 
2 
2 
2 
2 
0 
27 
8 
2 
6 
9 
10 
13 
1 
25 
m 
SITE 17 - ELKHORN 
SLOUGH 
Ac 
Ad 
AkF 
DbD 
DbE 
EdC 
EeD 
EeE 
Rb 
ShC 
ShE 
Surface  Water 
1 
1 
3 
1 
3 
2 
2 
3 
0 
2 
3 
0 
17 
16 
15 
5 
1 
1 
2 
5 
2 
10 
12 
12 
••
• 
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TABLE 4 . . S SUMMARY/SITE 
SITE 18 - SALINAS 
RECLAMATIONS 
TEMBLADERO 
SLOUGH 
AkD 
Cg 
Cf 
CnA 
CnC 
DbD 
DbE 
Pa 
ShC 
ShD 
Surface  Water 
SITE 19 - ESPINOSA 
SLOUGH 
AeA 
AkD 
Cg 
CnA 
CnC 
DbD 
DbE 
Pa 
Rb 
Surface  Water 
2 
1 
1 
1 
2 
1 
3 
1 
2 
3 
0 
1 
2 
1 
1 
2 
1 
3 
1 
0 
0 
2 
16 
2 
3 
1 
9 
4 
35 
19 
6 
4 
1 
1 
31 
9 
3 
13 
7 
27 
1 
7 
1 
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TABLE 4 . . S SUMMARY/SITE 
SITE 20 - ALISAL 
(WEST) 
Ac 
Ad 
Cf 
CnC 
DbD 
EdB 
ShD 
ShC 
Pa 
Surface  Water 
1 
1 
1 
2 
1 
1 
3 
2 
1 
0 
2 
5 
7 
5 
6 
8 
4 
28 
31 
2 
SITE 21 - ALISAL/ 
TEMBLADERO 
Ac 
Ad 
Cf 
CnC 
DbD 
EdB 
ShD 
ShC 
Pa 
Surface  Water 
1 
1 
1 
2 
1 
1 
3 
2 
1 
0 
2 
5 
7 
5 
6 
8 
4 
28 
31 
2 
4-19 
TABLE 4 . . S SUMMARY/SITE 
SITE 22 - BLANCO 
DRAIN 
BbC 2 7 
Cg 1 2 
Mf 1 5 
Mg 1 10 
MnA 1 11 
MoA 1 4 
OaD 2 28 
Pa 1 24 
Xc 2 1 
Xd 3 4 
Surface  Water 0 5 
* Total Soils Factor Weight/Site refers  to the estimated average of  the qualitative values given to soils at 
each site, indicating their potential to aggravate the nonpoint source water pollution problem in the area 
by being suseptible to erosion, and stormwater runoff.  On the qualitative scale used for  this analysis, 0 
represents no increase of  erosion/runoff,  while 1-3 represent increasing aggravation of  erosion/runoff 
problems. 
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TABLE 4.2. SOILS EROSION/RUNOFF SITE COMPARISON 
Site Number 
• 1 
• 2 
• 3 
• 5 
• 6 
• 7 
• 8 
• 10 
• 11 
• 12 
• 13 
• 14 
• 15 
• 16 
• 17 
• 18 
• 19 
• 20 
• 21 
• 22 
Site Number 
""Total Soils Factor Weight/Site refers  to the estimated average of  the qualitative values given to soils at 
each site, indicating their potential to aggravate the nonpoint source water pollution problem in the area 
by being suseptible to erosion, and stormwater runoff.  On the qualitative scale used for  this analysis, 0 
represents no increase of  erosion/runoff,  while 1-3 represent increasing aggravation of  erosion/runoff 
problems. 
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Land Use 
The range of  land uses in the study area is includes native vegetation, urban, and 
agricultural uses such as truck and field  crops. Because the study focuses  on npsp originating 
from  agricultural land uses, land uses are weighted such that particularly disruptive and thus, 
erosion and runoff  producing (tilling, heavy agri-chemical use) agricultural activities are weighed 
heaviest, and non agricultural, or less disruptive agricultural land uses are weighted lightest. 
Table 4.3. describes the different  types of  land uses within the study area, and gives an 
erosion/runoff  factor  weight to indicate the relative level to which each land use participates in the 
local nps water pollution scenario. This provides a foundation  upon which to develop a clearer 
picture of  the mosaic of  land uses affecting  the npsp scenario that is being considered in this 
study. These descriptions are facilitated  by the qualitative "land use erosion/runoff  factor 
weights" assigned to each land use type. Less invasive land uses such as native vegetation are 
given an land use erosion/runoff  factor  weight of  0, while more invasive land uses range up to a 
factor  of  3. In addition, each site within the study area is assigned a total land use erosion/runoff 
factor  weight. This weight is an estimated average of  the compilation of  land use erosion/runoff 
factor  weights for  each site. Table 4.4. details the percent coverage of  each land use type at 
each study site within the study area. Table 4.5. provides a comparison of  each site's total land 
use erosion/runoff  factor  weights. 
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TABLE 4.3. LAND USE TYPES 
DI - Deciduous Fruits and Nuts; Apples. Weight = 1 
DIP - Deciduous Fruits and Nuts; Miscellaneous deciduous. Weight = 1 
D14 - Deciduous Fruits and Nuts; Pistachios. Weight = 1 
F - Field Crops. Weight = 2 
G - Grain and Hay Crops. Weight = 1 
U - Idle; land cropped within the past three years, but not tilled at the time of  survey. Weight = 0 
Nv - Native Vegetation. Weight = 0 
P3 - Mixed Pasture. Weight = 1 
P4 - Native Pasture. Weight = 0 
P5 - Induced High Water Native Pasture. Weight = 1 
51 - Semiagricultural and Incidental to Agricultural; farmsteads.  Weight = 1 
52 - Semiagricultural and Incidental to Agricultural; feed  lots. Weight = 1 
53 - Semiagricultural and Incidental to Agriculture; dairy. Weight = 1 
54 - Semiagricultural and Incidental to Agriculture; lawn areas. Weight = 3 
55 - Semiagricultural and Incidental to Agriculture; cemeteries. Weight = 1 
SRI - Suburban Residential; large percentage of  the area in lawns, gardens, small orchards, etc. 
Weight = 2 
SR2 - Suburban Residential; Large percentage of  the area in nonirrigated native plants. Weight = 
1 
Tf  - Truck and Berry Crops; fallow.  Weight =2 
T.l - Truck and Berry Crops; artichokes. Weight = 3 
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TABLE 4.3 (CONT.) 
T6 - Truck and Berry Crops; carrots. Weight = 3 
T7 - Truck and Berry Crops; celery. Weight = 3 
T8 - Truck and Berry Crops; lettuce (all types). Weight = 3 
T9 - Truck and Berry Crops; melons, squash, and cucumbers (all types). Weight = 3 
TIP - Truck and Berry Crops, onions and garlic. Weight = 3 
T14 - Truck and Berry Crops; spinach. Weight - 3 
T16 - Truck and Berry Crops; flowers  and nursery. Weight = 3 
T18 - Truck and Berry Crops; miscellaneous truck. Weight = 3 
T19 - Truck and Berry Crops; bushberries. Weight =3 
T20 - Truck and Berry Crops; strawberries. Weight = 3 
T22 - Truck and Berry Crops; broccoli. Weight = 3 
T23 - Truck and Berry Crops; cabbage. Weight = 3 
T24 - Truck and Berry Crops; cauliflower.  Weight = 3 
T25 - Truck and Berry Crops; brussel sprouts. Weight = 3 
U - Urban; residential, commercial, and industrial.. Weight = 3 
Un - Urban, other Weight = 3 
Uvl- Vacant; unpaved areas, graveled surfaces,  playing fields,  raw lands within metropolitan 
areas. Weight 0 
Uv3 - Vacant; freeways  and railroad right of  ways. Weight - 0 
4-24 
TABLE 4.4. LAND USE SUMMARY/SITE 
SITE 1 - MOSS 
LANDING YACHT 
HARBOR 
mamm 
NY 
SI 
TF 
T18 
T23 
T24 
0 
1 
2 
3 
3 
3 
75 
I 
1 
3 
3 
19 
SITE 2 - AZEVEDO 
POND 
NV 
P3 
SI 
S4 
TF 
T1 
T10 
T16 
T18 
T20 
T21 
T22 
T25 
0 
1 
1 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
49 
1 
1 
5 
3 
3 
2 
1 
5 
3 
2 
4 
18 
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TABLE 4.4. LAND USE SUMMARY/SITE 
SITE 3 - PARSON'S 
SLOUGH 
NY 
P4 
S3 
T8 
T20 
T22 
T25 
U 
0 
0 
1 
3 
3 
3 
3 
3 
76 
14 
1 
2 
1 
2 
3 
1 
SITE 4 - ELKHORN 
SLOUGH/PACIFIC 
MARICULTURE 
NV 
S3 
T8 
T22 
T25 
U 
0 
1 
3 
3 
3 
3 
80 
1 
5 
5 
4 
5 
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TABLE 4.4. LAND USE SUMMARY/SITE 
SITE 5 - ELKHORN 
SLOUGH/TIDAL 
POND 
SITE 6 - ELKHORN 
SLOUGH/HIGHWAY 
1 BRIDGE 
NV 0 76 
SI 1 1 
TF 2 1 
T23 3 2 
U 3 21 
SITE 7 - MORO 
COJO 
NV 
S5 
TF 
T1 
U 
0 
0 
2 
3 
3 
68 
1 
5 
5 
23 
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TABLE 4.4. LAND USE SUMMARY/SITE 
SITE 8 - MORO 
COJO SLOUGH 
SITE 9 -
SANDHOLDT 
BRIDGE 
NV 
II 
S5 
TF 
T1 
T22 
T25 
NV 
S5 
TF 
T1 
T25 
U 
0 
0 
0 
2 
3 
3 
3 
0 
0 
2 
3 
3 
3 
42 
1 
1 
8 
21 
8 
2 
49 
1 
15 
26 
4 
5 
SITE 10 - SALINAS 
RIVER LAGOON 1 
NV 
TF 
T1 
T22 
T24 
U 
0 
2 
3 
3 
3 
3 
36 
8 
31 
23 
1 
I 
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irtdLt: 4.4. LAND USE SUMMARY/SITE 
SITE 11 - SALINAS 
RIVER LAGOON 2 
SITE 12 - OLD 
SALINAS RIVER 1 
NV 
TF 
T1 
T22 
U 
0 
2 
3 
3 
3 
39 
7 
48 
4 
3 
ITE 13 - OLD 
&LINAS RIVER 2 
NV 
TF 
Tl 
U 
0 
2 
3 
3 
23 
6 
67 
4 
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TABLE 4.4. LAND USE SUMMARY/SITE 
SITE 14 - BLANCO 
PUMP (WEST) 
SITE 15 -
TEMBLADERO 
SLOUGH 
NV 
SI 
TF 
T1 
T22 
T25 
U 
NV 
SI 
TF 
T7 
T8 
T14 
T18 
T22 
T24 
0 
1 
2 
3 
3 
3 
3 
0 
1 
2 
3 
3 
3 
3 
3 
3 
17 
3 
3 
73 
2 
3 
3 
1 
2 
16 
5 
53 
5 
1 
12 
6 
SITE 16 - MOSS 
ANDING HARBOR 
NV 
S5 
U 
0 
0 
0 
81 
1 
19 
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TABLE 4.4. LAND USE SUMMARY/SITE 
SITE 17-ELKHORN 
SLOUGH 
NV 
P4 
T19 
T20 
T22 
U 
0 
0 
3 
3 
3 
3 
75 
15 
1 
2 
5 
1 
i-p; 
SITE 18-SALINAS 
RECLAMATION 
TEMBLADERO 
SLOUGH 
NV 
TF 
T1 
T7 
T8 
T10 
T22 
T23 
T24 
T25 
U 
0 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
20 
24 
6 
6 
1 
11 
1 
3 
11 
14 
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TABLE 4.4. LAND USE SUMMARY/SITE 
SITE 19 - ESPINOSA 
SLOUGH 
NV 
P3 
SI 
TF 
T1 
T7 
T8 
T10 
T22 
T24 
U 
0 
1 
1 
2 
3 
3 
3 
3 
3 
3 
3 
1 
2 
1 
23 
54 
2 
5 
1 
5 
4 
4 
SITE 20 - ALISAL 
(WEST) 
NV 
TF 
T1 
T7 
T8 
T22 
T23 
T24 
U 
0 
2 
3 
3 
3 
3 
3 
3 
3 
6 
11 
39 
5 
1 
6 
2 
1 
28 
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TABLE 4.4. LAND USE SUMMARY/SITE 
l«i£lW3 
SITE 21 - ALISAL/ 
TEMBLADERO 
NV 
TF 
T1 
T7 
T22 
T23 
T24 
T25 
U 
0 
1 
2 
3 
3 
3 
3 
3 
3 
essesSsS 
9 
1 
50 
I 
3 
1 
1 
9 
23 
SITE 22 - BLANCO 
DRAIN 
NV 
SI 
TF 
T7 
T8 
T22 
T24 
0 
1 
2 
3 
3 
3 
3 
17 
1 
33 
1 
28 
1 
19 
•Total Land Use Factor Weight/Site refers  to the estimated average of  the qualitative values assigned to 
each land use type at a site to indicate the level to which they may aggravate the nonpoint source water 
pollution problem in the area by increasing soil erosion, and stormwater runoff.  On the qualitative scale 
used for  this analysis, 0 represents no increase of  erosion/runoff,  while 1-3 represent increasing 
aggravation of  erosion/runoff  problems. 
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TABLE 4.5. LAND USE SITE COMPARISON 
y 
y 
• 
Site Number 
* Total Land Use Factor Weight/Site refers  to the estimated average of  the qualitative values assigned to 
each land use type at a site to indicate the level to which they may aggravate the nonpoint source water 
pollution problem in the area by increasing soil erosion, and stormwater runoff.  On the qualitative scale 
used for  this analysis, 0 represents no increase of  erosion/runoff,  while 1-3 represent increasing 
aggravation of  erosion/runoff  problems. 
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Land Use Data: 
Tables 4.4. and 4.5.describe the potential for  agri-industrial land uses to contribute to the 
npsp sceanario in the study area. As is apparent from  the data, several sites are characterized by 
high total land use weights. Sites 15, 16, 19, 20, and 21 all have total land use erosion/runoff 
factor  weights of  3, while many other sites have moderate total land use erosion/runoff  factor 
weight values. These values stem, primarily, from  the high incidence of  truck crop production 
within the vicinity of  the study sites. These sites are characterized by intensive cultivation 
involving tilling, application of  agri-chemicals, etc. Thus, it seems practical to assume that 
relatively large amounts of  topsoil and their associated agri-chemical residues are leaving these 
fields  with runoff.  While activities at these sites generally include use of  best management 
practices, riparian corridors are minimal, breaches of  runoff  collection furrows  are not uncommon 
during heavy winter rains, and application of  pesticides often  occurs in areas immediately adjacent 
to major wetlands during adverse weather conditions. Therefore,  the potential for  these sites to 
contribute to the overall npsp problem is great. In addition, there are numerous other sites which 
are also characterized by intensive agricultural land use. Though these land uses, in and of 
themselves, may not constitute a serious npsp threat, their degree of  proliferation  and location in 
and near wetland areas give cause for  further  examination and concern. 
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Water Quality 
Historically speaking, DDT has been found  in the study area for  decades. However, as 
pesticide laden eroded topsoil from  surrounding fields  enters surface  waters during the course of 
years of  heavy rainfall,  issues concerning DDT residues (DDE) other persistent breakdown 
products become more paramount. Water quality at the study sites ranges as widely as do the 
characteristics of  land use and soils composition within the study area. Tables 4.6. describes the 
water quality findings  at each study site. Sites within the study area were described by levels of 
residual DDT. Sites are rated on a scale of  0 to 3 to indicate the level of  water quality factor 
weight (with regard to the MTRL for  the particular surface  water type). Sites that are 
characterized by residue levels that exceeded the MTRL for  the particular water received a factor 
weight of  3, while sites characterized by lesser residue levels receive factor  weights that are 
appropriate to such levels. Tables 4 .7. provides a comparison of  the agri-chemical residue factor 
weights/site. 
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TABLE 4.6. WATER QUALITY - CHEMICAL RESIDUES/SITE 
STUDY SITE DDT (total) - ppb, wfiwrighl* 
SITE 1 -MOSS LANDING YACHT 
HARBOR 
SITE 2 - AZEVEDO POND 
SITE 3 - PARSON'S SLOUGH 
SITE 4 - ELKHORN 
SLOUGH/PACIFIC MARICULTURE 
SITE 5 - ELKHORN SLOUGH/TIDAL 
POND 
SITE 6 - ELKHORN 
SLOUGH/HIGHWAY 1 BRIDGE 
SITE 7 - MORO COJO 
SITE 8 - MORO COJO SLOUGH 
SITE 9 - SANDHOLDT BRIDGE 
SITE 10 - OLD SALINAS RIVER 1 
SITE 11 - OLD SALINAS RIVER 2 
SITE 12 - SALINAS RIVER LAGOON 
1 
SITE 13 - SALINAS RIVER LAGOON 
2 
SITE 14 - BLANCO PUMP (WEST) 
SITE 15 - TEMBLADERO SLOUGH 
SITE 16 - MOSS LANDING HARBOR 
SITE 17 - ELKHORN SLOUGH 
SITE 18 - SALINAS 
RECLAMATION/TEMBLADERO 
SLOUGH 
SITE 19 - ESPINOSA SLOUGH 
35.7 
138.7 
110 
17.4 
59.1 
21.2 
64.9 
39.2 
393.3 
520.8 
25.2 
38 
1068.1 
397.8 
16 
50 
6.9 
1128 
1112 
WATER 
QUALITY 
FACTOR 
WEIGHT/SITE** 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
2 
3 
3 
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TABLE 4.6. WATER QUALITY - CHEMICAL RESIDUES/SITE 
SITE 20 - ALISAL (WEST) 
SITE 21 - ALISAL/TEMBLADERO 
SITE 22 - BLANCO DRAIN/ 
SALINAS RIVER 
•Maximum Tissue Residue Level (MTRL) for  DDT (total) = 32.0 ppb, wet weight for  Bays, 
Estuaries and Oceanic Waters, and 9.1 ppb, wet weight for  Inland Surface  Waters. See Appendix 
A - Water Quality. 
** Water Quality Factor Weight/Site refers  to the qualitative value assigned to each site 
representing the level of  DDT residues present in the water column. On this scale, a 0 value 
indicates that no DDT residues were present, while 1-3 represent increasingly high levels of  DDT 
residues in the water (with a value of  3 indicating that the detected levels at the site exceeded the 
MTRL) 
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TABLE 4.7. WATER QUALITY - SITE COMPARISON 
Site Number 
*Water Quality Factor Weight/Site refers  to the qualitative value assigned to each site representing the 
level of  DDT residues present in the water column. On this scale, a 0 value indicates that no DDT 
residues were present, while 1-3 represent increasingly high levels of  DDT residues in the water (with a 
value of  3 indicating that the detected levels at the site exceeded the MTRL). 
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Water Quality Data: 
There are many sites which equal or exceed the MTRL limit for  total residual DDT and 
therefore,  are assigned the highest factor  weight of  3 in the treatment of  the data in Table 4 6 
(Maximum Tissue Residue Levels standard = (0.32 ppb/wet weight fish  or mussel in ocean 
waters, 32.0 ppb in enclosed bays and estuaries, and 32.0 ppb in inland surface  waters as 
described by SMWP, etc. see Appendix A - Water Quality). Among the sites tested for  total 
residual DDT, only sites 6, 16, 18, and 23 did not exceed the MTRL. In addition, numerous 
other potentially water quality threatening agri-chemical residues were found  at all sites. 
Because DDT residues are persistent, these results are not surprising. Due to the relative 
volatility of  other commonly used agri-chemicals, results of  sampling/analysis of  such compounds 
may not present a true picture of  what is going on at the sites on a daily basis. Due to the relative 
length of  study of  the degradation pathways of  DDT residues, as compared to those of  other 
agri-chemicals, the potential for  a persistent threat of  these residues is more greatly ascertained by 
analysis of  DDT data. DDT residues do become associated with soil, get transported into surface 
water by erosion, and end up accumulating in the aquatic ecosystems in the form  of  suspended 
sediments, and in the tissues of  organisms that ingest such sediment (bivalves, etc.). Other 
organisms that have ingested the organisms of  lower trophic levels which have ingested the 
sediments (marine mammals, pelagic fishes,  birds, etc.) may accumulate such pollutants on a much 
larger scale due to biomagnification.  Thus a picture of  the soil/land use/water quality/aquatic 
resource interplay is more readily developed by analysis of  such data. 
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Aquatic Resources 
The aquatic resources of  the study area are characterized by their great diversity and 
abundance. Habitat for  various sensitive, threatened and endangered species is common 
throughout the study area. Accordingly, the opportunities for  recreation, commerce, aesthetic 
enjoyment, and other human activities are varied and abundant here. Many sites within the study 
area are distinguished by being at least 10 percent surface  waters/wetlands. These sites are 
assigned a aquatic resource factor  weight of  3 - indicating their great "value", while sites 
characterized by less surface  water received aquatic resource factor  weights appropriate to such 
characteristics. Table 4.8. describes percent coverage by surface  water, and the assigned aquatic 
resource factor  weight for  each site. In addition, Table 4.9. provides a comparison of  the sites' 
aquatic resource factor  weights. 
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TABLE 4.8. AQUATIC RESOURCES - SUMMARY/SITE 
STUDY SITE 
SITE 1 - MOSS LANDING 
YACHT HARBOR 
SITE 2 - AZEVEDO POND 
SITE 3 - PARSON'S SLOUGH 
SITE 4 - ELKHORN 
SLOUGH/PACIFIC 
MARICULTURE 
SITE 5 - ELKHORN 
SLOUGH/TIDAL POND 
SITE 6 - ELKHORN 
SLOUGH/HIGHWAY 1 BRIDGE 
PERCENT COVERAGE OF SITE AQUATIC RESOURCE FACTOR 
BY SURFACE WATER WEIGHT/SITE 
22 
11 
11 
11 
20 
SITE 7 - MORO COJO 13 
SITE 8 - MORO COJO SLOUGH 11 
SITE 9 - SANDHOLDT BRIDGE 
SITE 10 - OLD SALINAS RIVER 1 13 
SITE 11 - OLD SALINAS RIVER 2 
SITE 12 - SALINAS RIVER 
LAGOON 1 
SITE 13 - SALINAS RIVER 
LAGOON 2 
18 
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TABLE 4.8. AQUATIC RESOURCES - SUMMARY/SITE 
STUDY SITE 
SITE 14 - BLANCO PUMP 
(WEST) 
SITE 15 - TEMBLADERO 
SLOUGH 
SITE 16 - MOSS LANDING 
HARBOR 
PERCENT COVERAGE OF SITE AQUATIC RESOURCE FACTOR 
BY SURFACE WATER WEIGHT/SITE 
25 
SITE 17 - ELKHORN SLOUGH 
SITE 18-SALINAS 
RECLAMATION/TEMBLADERO 
SLOUGH 
12 
SITE 19 - ESPINOSA SLOUGH 
SITE 20 - ALISAL (WEST) 
SITE 21 -
ALIS AL/TEMBL ADERO 
SITE 22 - BLANCO DRAIN 
2 
5 
•Aquatic Resources Factor Weight/Site refers  to the estimated ecological richness of  the 
particular study site (based primarily on percent cover of  the site by surface  water and 
subsequent value of  site for  habitat, recreation, and other beneficial  uses, etc.). Under this 
factor  weight system a site that is assigned a 0 has no wetland value, while factor  weights 
of  1-3 represent correspondingly increasing value as wetlands. 
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TABLE 4.9. AQUATIC RESOURCES SITE COMPARISON 
Site Number 
* Aquatic Resources Factor Weight/Site refers  to the estimated ecological richness of  the 
particular study site (based primarily on percent cover of  the site by surface  water and 
subsequent value of  site for  habitat, recreation, and other beneficial  uses, etc.). Under this 
factor  weight system a site that is assigned a 0 has no wetland value, while factor  weights 
of  1-3 represent correspondingly increasing value as wetlands. 
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Aquatic Resource Data. 
Sites 1, 6, 8 and 16 are characterized by being near or in excess of  20 percent coverage by 
surface  waters/wetlands. This fact  indicates that these sites have great aquatic resource potential. 
Many other sites are comprised less by surface  waters, but drain into key wetland areas, and 
should therefore  be given consideration. As the effects  of  biomagnification  of  persistent 
agri-chemicals increase as they move through the food  chain, so do the downstream, slow water 
areas serve as sinks for  eroded sediment of  upland soils. These estuaries (Elkhorn Slough, Moro 
Cojo Slough, etc.) are also the more productive aquatic environments of  the entire area (NOAA 
1994) Thus, a relatively small, upland wetland area has the potential to have a great impact on 
more prolific  downstream wetlands, and ultimately, on the food  chains that support the 
ecosystems of  Monterey Bay This is the very nature of  npsp, in that a numerous small sources 
can potentiate a very large resulting pollution problem in a common end point. 
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Impacts of  Nonpoint Source Water Pollution 
Table 4.10. details the four  factor  weights: soils- erosion/runoff,  land use- erosion/runoff, 
water quality- agri-chemical residue, and aquatic resources, for  each study site within the study 
area. In addition, a total impact of  agricultural nonpoint source water pollution weight for  each 
site is assigned. The assessment of  impacts is facilitated  by assigning the average of  the previous 
total factor  weights for  each site, such that a total impact weight may be assigned to each site. 
Again, these weights will range from  0 to 3. On this scale 0 represents the lack of  impacts to the 
environment from  agri-industrial nps water pollution at a site, while 3 represents the highest level 
of  impacts at a site (see chapter 3). Table 4 .11 provides a comparison between the impacts of 
agricultural nonpoint source water pollution weights for  each site. 
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TABLE 4.10. IMPACTS OF NONPOINT SOURCE WATER POLLUTION 
SITE TOTAL TOTAL TOTAL TOTAL TOTAL NONPOINT | 
FACTOR FACTOR FACTOR FACTOR 
WEIGHT: WEIGHT WEIGHT: WEIGHT: 
SOILS LAND USE WATER AQUATIC 
QUALITY RESOURCES 
SITE 1 - MOSS 
LANDING . • : ; , - - : - . : ••; ; • • 
YACHT 
HARBOR 1 0 3 3 S: z 
SITE 2 -
AZEVEDO 
POND 3 2 3 3 ® l S S l l S ! l : P j : 3 S f i 
SITE 3 -
PARSON'S 
SLOUGH 2 0 3 3 
SITE 4 - I S p S l g i l l l i l l P i 
ELKHORN 
SLOUGH/ 
PACIFIC 
MARICULTURE 
2 1 3 3 2 
SITE 5 -
ELKHORN 
SLOUGH/ TIDAL 
POND 
2 1 2 3 3 
SITE 6 -
ELKHORN 
SLOUGH/ 
HIGHWAY 1 
BRIDGE 
1 1 3 3 2 
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TABLE 4.10. IMPACTS OF NONPOINT SOURCE WATER POLLUTION 
SITE 
SITE 7 - MORO 
COJO 
TOTAL 
FACTOR 
WEIGHT: 
SOILS 
TOTAL 
FACTOR 
WEIGHT: 
LAND USE 
TOTAL 
FACTOR 
WEIGHT: 
WATER 
QUALITY 
TOTAL 
FACTOR 
WEIGHT: 
AQUATIC 
RESOURCES 
SITE 8 - MORO 
COJO SLOUGH 
SITE 9 -
SANDHOLDT 
BRIDGE 
SITE 10-OLD 
SALINAS RIVER 
1 
SITE 11 - OLD 
SALINAS RIVER 
2 
SITE 12 -
SALINAS RIVER 
LAGOON 1 
SITE 13-
SALINAS RIVER 
LAGOON 2 
SITE 14 -
BLANCO PUMP 
(WEST) 
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TABLE 4.10. IMPACTS OF NONPOINT SOURCE WATER POLLUTION 
SITE TOTAL 
FACTOR 
WEIGHT: 
SOILS 
TOTAL 
FACTOR 
WEIGHT: 
LAND USE 
TOTAL 
FACTOR 
WEIGHT: 
WATER 
QUALITY 
TOTAL 
FACTOR 
WEIGHT: 
AQUATIC 
RESOURCES 
te^Nc 
IMPACT WEP 
'  - \siiesm 
SITE 15 -
TEMBLADERO 
SLOUGH 
SITE 16-MOSS 
LANDING 
HARBOR 
SITE 17 -
ELKHORN 
SLOUGH 
SITE 18 -
SALINAS 
RECLAMATION/ 
TEMBLADERO 
SLOUGH 
SITE 19 -
ESPINOSA 
SLOUGH 
SITE 20 -
ALISAL (WEST) 
SITE 21 -
ALISAL/ 
TEMBLADERO 
SITE 22 -
BLANCO DRAIN 
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*With regard to the proceeding table: Impact Weight refers  to the Total Nonpoint 
Source Water Pollution Impact Weight which, in turn, refers  to the level of  impacts 
potentiated by agricultural nonpoint source water pollution at the particular site 
within the study area by the combination of  the factors  (soils, land use, water 
quality, and aquatic resources) which describe the local soil erosion/runoff  scenario 
and resources affected  by such. On this scale 0 represents no environmental impact 
due to agricultural nonpoint source water pollution, while 1-3 represent 
increasingly high levels of  impacts due to agricultural nonpoint source water 
pollution. 
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TABLE 4.11. IMPACTS SITE COMPARISON 
Site Number 
*With regard to the table above: Impact Weight refers  to the Total Nonpoint Source Water Pollution 
Impact Weight which, in turn, refers  to the level of  impacts potentiated by agricultural nonpoint source 
water pollution at the particular site within the study area by the combination of  the factors  (soils, 
land use, water quality, and aquatic resources) which describe the local soil erosion/runoff  scenario 
and resources affected  by such. On this scale 0 represents no environmental impact due to agricultural 
nonpoint source water pollution, while 1-3 represent increasingly high levels of  impacts due to 
agricultural nonpoint source water pollution. 
4-51 
Nonpoint Source Water Pollution Impact Data: 
As the data shows, several sites warrant special investigation. Any site which received a 
impact weight of  2 or more represents a significant  threat to the local environment. While many 
sites rated a 2 in this system, sites 2, 8, 13, and 14 received impact weights of  3. Site 1, though 
only receiving an impact weight of  2 due to relatively stable soils, etc., seems to be a prime 
example of  compromised environmental quality due to nonpoint source water pollution. This site 
is characterized by its total residual DDT levels as high as 35.7 ppb, primarily resulting from 
runoff  of  the Salinas Valley and the Elkhorn Slough area. In addition to being the outfall  point to 
the ocean for  this drainage area, it serves as an entrance to the estuary areas where significant 
biological and recreational activity occurs. Site 9, with an impact weight of  2, represents a lesser 
concern. However, due to a total residual DDT of  393.3 ppb it is considered to be a particularly 
noteworthy site. Site 10, with a impact weight of  2, is characterized by high agricultural land use, 
impaired water quality, and aquatic resource values. Its total residual DDT levels were found  to 
be 520.8 ppb. Site 13, with an impact weight of  3, is characterized by moderate agricultural land 
use and aquatic resource values, and highly impaired water quality (as indicated by the 1068.1 ppb 
of  total residual DDT found  there by SMWP). The site receives runoff  from  virtually the entire 
Salinas River Drainage area, as well as that which originates in the intensively row cropped, and 
for  the most part, heavily tilled and chemically treated areas nearby. This site is another key 
wetland area and as such should be of  great concern. Site 14, with its impact weight of  3, is 
characterized by moderate to high agricultural land use, aquatic resource, and impaired water 
quality values. It was found  by the SMWP to have total residual DDT of  397 8 ppb. Site 19, 
with its impact weight of  3 is also characterized by high land use and impaired water quality 
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factor  weights, and a total residual DDT of  1112.0 ppb. Site 20, with an impact weight of  3, is 
also of  special concern, in that it is characterized by high land use and impaired water quality 
values. This site exhibits 2,349.0 ppb total residual DDT. A point to consider in this situation is 
that, with the exception of  Site 5, the data do not tend to suggest that local  soil erodability is the 
prime contributing factor  in any of  the problem areas. In fact,  most of  the study sites had low -
moderate values for  the traits relating to the soil factor  (erodability, slope, etc.). However, many 
sites were characterized by: 
- being almost exclusively surrounded by truck crop agricultural land uses such as 
artichoke, strawberry and other types of  land uses that often  are associated with 
erosion/runoff  of  pesticide laden topsoil. 
-the lack of  significant  riparian, or other native vegetation buffer  zones that would impede 
the flow  of  stormwater runoff  from  agri-industrial activities to estuaries, bays, etc. 
-water quality data that indicates that agricultural runoff  from  the local area (or from  the 
entire Salinas Valley) is present and continues to flow  into the estuaries, sloughs, rivers 
around the bay. 
-high resource values in the forms  of  habitat (in the form  of  nursery, breeding, feeding 
grounds, etc.), commercial and recreational opportunities (in the forms  of  fisheries, 
eco-tourism opportunities, aesthetic value, etc.) 
Thus, the existence of  a persistent agricultural nonpoint source water pollution problem is 
evident. Though the use of  conservation techniques, including conservation tilling, changes from 
persistent organochlorine pesticides to less harmful  techniques, etc., are becoming more prevalent, 
the effects  of  past use of  persistent pesticides, and continual disturbance of  the watershed's ability 
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to absorb runoff  has taken a toll in producing a scenario where the scientific  and popular 
expectations are that the water in this area is very polluted. 
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FIGURE 4 1. SITEMAP 
MOSS _ 
LANDING / - 7, 8, 16 DOLAN 
RD 
J = approximately 5 miles 
t 4-55 
(Santa Cruz Youth Commission 1970) 
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CHAPTER 5 
CONCLUSIONS 
Impacts 
The Monterey Bay current system has been described as virtually closed (see map, figure 
4.2.) (NOAA 1992). Therefore  the potential for  pollutants that enter the bay as npsp to persist 
and accumulate in the bay is greater than might otherwise be expected. When the great riches of 
the bay are considered, it is evident that serious environmental impacts must be considered in the 
context of  aesthetic, recreational, industrial, and ecolocical resources that characterize the 
Monterey Bay area. The impacts of  agricultural npsp, for  the sake of  making a more concise 
study, have been considered here in the context of  their potential effects  on economic interests 
and biodiversity in the area. 
Economic Interests 
The Monterey Bay area thrives, not only on agricultural industries, but also on commercial 
fisheries,  and other water related industries such as ecotourism, diving, sport fishing,  whale 
watching, kayaking, etc. Among these industries which may be directly affected  by the impacts of 
npsp are the fisheries. 
It is estimated that 60 to 90 percent of  the United States" commercial fish  catches are 
contributed directly from  wetlands (Berry and Dennison, 1993). The Monterey Bay area is no 
exception, and in fact,  has a history of  having some of  the nation's most productive fisheries.  In 
addition to the mariculture projects that are located around the bay (with two being located in 
Elkhorn Slough itself),  the fisheries  in the area are instrumental in helping to support the local 
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economies. The NOAA study, Distribution and Abundance of  Fishes and Invertebrates in West 
Coast Estuaries (Emmett, Hinton, Monaco, and Stone 1991), discusses the various aspects of 
west coast estuarine biodiversity. According to this study a number of  economically (both 
recreationally and commercially) valuable species including the Pacific  Littleneck Clam, Softshell 
Clam, Leopard Shark, Pacific  Herring, Northern Anchovy, Topsmelt, Jacksmelt, California 
Halibut, Starry Flounder, English Sole and others are found  at various life  stages, or for  the 
duration of  their lives within Elkhorn Slough itself  The salmon, sea urchin, Dungeness Crab and 
other fisheries  of  the bay are highly regarded as well. The NOAA document, Monterey Bay 
National Marine Sanctuary - Final Environmental Impact Statement/Management Plan (NOAA 
1992), estimates the worth of  the 1987 commercial fishermen's  catches at the three major harbors 
on the bay as follows: 
Santa Cruz Moss Landing Monterey 
$1,009,238 $4,432,355 $4,383,802 
It is estimated that 418, 978 fish  were brought into Moss Landing and Santa Cruz harbors in 1987 
by charter boats. Estimates for  catches of  fish  from  jetties, beaches, etc. are difficult  to ascertain, 
but the study, Ecologic and Hydrographic Studies of  Elkhorn Slough, Moss Landing Harbor and 
Nearshore Coastal Waters - June 1974 to June 1976, estimated that 41,000 fish  of  various species 
were annually taken by recreational fishermen  from  Elkhorn Slough alone (Nybakken, et al. 
1977). These types of  fishing  are popular activities and many species, including various 
surfperches,  rockfishes,  flounder,  Lingcod, Chinook salmon, Steelhead, etc., are caught in the bay 
area (see fisheries  maps, appendix B). The annual revenue generated by recreation and tourism; 
surfing,  nature observation, diving, charter boat fishing,  tidepooling, eco-tours, etc. is estimated 
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to be $641 million for  San Mateo, Santa Cruz and Monterey counties. Thus, it is apparent that 
when considering impacts to the aquatic environment, it is important to remember that the 
surrounding municipalities derive a good portion of  their revenues from  activities that take place 
on, in or near aquatic environments, and therefore  may be inhibited by a decline in water quality. 
Biodiversity 
The reasons for  such a diversity of  life  in the Monterey Bay area are varied. The diversity 
of  habitat types is the primary reason for  this state. Of  the major habitat types, we find  marine, 
with their various subtidal and intertidal habitats (rock bottom, unconsolidated bottom, aquatic 
bed, and reef  subtidal habitats, as well as aquatic bed, reef,  rocky shore, and unconsolidated 
intertidal habitats, etc.), estuarine, with their various subtidal and intertidal habitats (rock bottom, 
unconsolidated bottom, aquatic bed, reef,  streambed, rocky shore, unconsolidated shore, 
emergent wetland, scrub-shrub wetland, etc.), and riverine;, with various tidal, lower perennial, 
upper perennial, and intermittent habitats (rock bottom, unconsolidated bottom, aquatic bed, 
streambed, rocky shore, unconsolidated shore, emergent wetland, etc.) (State of  California 
Resources Agency 1980). The Salinas River Lagoon area, in addition to Elkhorn Slough, and 
other slough areas, has a particularly diverse and valuable assemblage of  habitats including 
freshwater  aquatic, salt marsh, freshwater  marsh, riparian, coastal dune scrub, beach, littoral, and 
upland terrestrial habitats (The Habitat Restoration Group 1991). The large estuaries of  the 
Elkhorn Slough area provide habitat for  a diversity of  life  forms,  including the endangered 
California  Brown Pelican, the California  Least Tern, the Southern Sea Otter, and the Peregrine 
Falcon (NOAA 1992). The expanses of  mudflats  provide habitat for  invertebrates such as shrimp, 
clams, etc. which, in turn, brings in sharks, rays, halibut, etc. to forage.(see  map, figure  4 4 ). 
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Various fish  species including the Jacksmelt, Topsmelt, etc., which comprise a large portion of  the 
diet of  protected species such as the California  Brown Pelican, California  Sea Lion, California  Sea 
Otter and others, spawn or spend large portions of  their lives within Elkhorn Slough and the 
adjacent near shore waters. The Monterey Submarine Canyon, which sits offshore  facilitates 
biodiversity in two ways: first,  the range of  depths, and associated different  environments (due to 
changes in light, water chemistry, and plankton's temporal/spatial variation in their utilization of 
such environments) and second, the canyon focuses  upwelling of  cold, nutrient rich water into the 
bay. This upwelling provides food,  in the form  of  nutrients for  plankton which comprise the 
bottom trophic layer of  the food  chain, for  the higher trophic level organisms of  the bay; the 
salmonids, marine mammals, etc. The California  Sea Otter population, though it has been making 
a comeback in past decades, has been suffering  losses in recent years. The Humpback whale, 
another federally  listed species, spends a portion of  each year in the bay, as does the Pacific  Grey 
Whale; a recently delisted species. The Pacific  Right Whale has not seen in bay waters since 
1987 and is known to be extremely endangered. The area is one of  the most productive areas in 
terms of  number of  bird species found  in the area at any one time. The location along the Pacific 
flyway,  and the various habitats of  the area provide ample opportunity for  these birds to migrate 
through, overwinter, and in some cases, breed in the area (NOAA 1992). According to the 
Natural Resources of  Elkhorn Slough - Their Present and Future Use, over 90 species of  birds 
have been identified  in the Moss Landing area alone. This includes the California  Brown Pelican, 
the Western Snowy Plover, and the California  Clapper Rail, among other potentially threatened 
species (Browning 1972). Other species that have historically been common in the bay, including 
the Coho Salmon, and Steelhead have recently been listed under the Endangered Species Act as 
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well. 
Discussion 
An Analysis of  Marine Sediment for  Total DDT/PCBs in Monterey Bay proposed that 
because decreasing levels of  DDT were being found  in sediments in the bay, it was possible that, 
once assimilated in marine life,  DDT break down products could be decaying at a much slower 
rate than they would otherwise. As a result, marine life  may be acting as long term reservoirs for 
such persistent chemicals and subsequently, deceivingly low levels of  these chemicals may be 
found  in sediments. Thus, the importance of  consideration of  bioaccumulation/biomagnification 
and continued bioassay oriented monitoring is indicated (Dellanina 1979). 
The problem of  agricultural nonpoint source water pollution is a present and continuing 
one (Oakden and Oliver 1988). High levels of  agricultural chemicals have been found  in the fields 
and their adjacent drainages at the mouth of  the Salinas River valley. Some chemical residues 
were found  in high concentrations as much as a year after  application had occurred. Toxaphene, 
though banned in 1983, was found  in high levels. Sampling, however, before  and after  winter 
rains did not show any detectable movement from  field  to drainages. Oakden and Oliver 
suggested that greater concentrations of  chemicals could be transported to Monterey Bay, or into 
sinks, such as Moro Cojo Slough, Old Salinas River, etc. with heavy winter rains, and indicated 
the need to document the methods of  transporting chemicals through the watershed and their 
impacts on the associated ecosystems of  the watershed (Oakden and Oliver 1988). 
In fact,  the Kleinfelder  study, Final Report-Lower Salinas River Near Coastal Waters 
Initiative Pilot Project (Blankinship and Carey 1992), a study of  water and suspended sediment 
quality in the southern end of  the study area, in part, addressed this issue. Though two significant 
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rainfall  events occurred during the course of  the study, it was found  that only residues of 
particularly persistent organochlorines such as DDT were present in levels that should cause 
concern. DDT residues, which have a carea, were found  in association with suspended sediment 
which was probably eroded by the recent rains. Agricultural chemicals that were currently in use 
were found  in runoff,  but this was due to the channeling of  perimeter furrows  to enhance 
sampling. Therefore  the conclusion was made that significant  rain events, or those that exceeded 
soil infiltration  rates, could cause agricultural chemicals to run off  the fields  if  best management 
practices were not followed  (in particular, the use of  perimeter furrows)  (Blankinship and Carey 
1992). For example, during the winter of  1994-1995 above average rainfall  resulted in the rare 
flushing  of  Elkhorn Slough with freshwater  and sediment that had been accumulating for  many 
years. In fact,  recent studies by the Moss Landing Marine Laboratory have indicated that DDT 
residues, which were possibly recirculated by the storm events of  1994-1995 are perpetuating 
extremely deleterious effects  upon the fauna  of  the Elkhorn Slough area (Monterey Bay National 
Marine Sanctuary 1997). 
Given the current rate of  destruction and alteration of  wetlands around the world, it is 
especially important that extra consideration be given to environmental issues that relate to such 
areas. Not only do wetlands serve to provide open space for  recreation, aesthetics, etc., but they 
also play an important role in the hydrologic cycle, provide a foundation  for  much of  the world's 
aquatic food  chains, and as such, exist as an indispensable part of  the global environment. By 
only focusing  on the downstream ends of  two watersheds out of  the many in the the Monterey 
Bay area, this study has merely scratched the surface  of  the issue at hand. However, this study 
has demonstrated the development of  an illustration of  the problem, and therefore,  also indicated 
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the importance of  consideration of  enhancement and implementation of  best management 
practices in agriculture, revision of  land use policies and the like, enhanced water quality 
monitoring, and partnering of  resources of  every kind as means of  curtailing the problem of 
agricultural runoff  in the area. 
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APPENDIX A - WATER QUALITY 
Sources: 
Rasmussen, D. 1989. Toxic  Substance  Monitoring  Program  Report 1988-1989. Sacramento, 
Calif.:  California  State Water Quality Control Board. 
Rasmussen, D. 1991. Toxic  Substance  Monitoring  Program  Report 1991. Sacramento, Calif.: 
California  State Water Quality Control Board. 
Rasmussen, D. 1995. State  Mussel  Watch  Program  Data Summary  1987-1993. Sacramento, 
Calif:  California  State Water Quality Control Board. 
Maximum Tissue Residue Levels (MTRls) in Ocean Waters 
Carcinogens * 
Water Quality Objective * BCF * MTRL ' 
Substance (jig/1) (l/kg) (Mfl/kg,  ppb wet weight) 
aldrin 0.000022 e 0.1 
chlordane ( total) 0.000023 14100 0.32 
DDT ( to ta l ) 0.00017 53600 9.1 
dieldrin 0.00004 4670 0.2 
heptachlor 0.00072 11200 8.1 
hexachlorobenzene (HCB) 0.00021 8690 2.0 
PAH* ( tota l ) 0.0088 30 0.26 
PCBs ( to ta l ) 0.000019 31200 0.6 
toxaphene 0.00021 13100 2.75 
a. The SMUP does not analyze for  any of  the non-carcinogens listed in the hunan health section of  Table B 
of  the 1990 Ocean Plan. 
b. From Table B, Objectives for  Hunan Health, "California  Ocean Plan" (SURCB 1990). 
c. Bioconcentration Factors taken from  the USEPA 1980 Ambient Water Quality Criteria Docunents for  each 
substance. 
d. MTRLs were calculated by multiplying the Water Quality Objective by the BCF, except for  aldrin. 
e. Aldrin MTRL is derived from  a combination of  aldrin and dieldrin risk factors  and BCFs as recommended 
in the USEPA 1980 "Ambient Water Quality Criteria for  Aldrin/Dieldrin" (USEPA 1980). 
Toxic Substances Monitoring Program 
Maximum Tissue Residue Levels (MTRLs) for  Carcinogens in Inland Surface  Waters 
Water Quality Objective * BCF b MTRL c 
Substance Otg/l) (l/kg) (M/kg, ppb) 
aldrin 0.00013 d 0.05 
arsenic 5.0 * 44 200.0 (0.2 ppm) 
chlordane ( to ta l ) 0.00008 14100 1.1 
DDT ( to ta l ) 0.00059 53600 32.0 
dieldrin 0.00014 4670 0.65 
heptachlor 0.00016 11200 1.8 
heptachlor epoxide 0.00007 11200 0.8 
hexachlorobenzene (HCB) 0.00066 8690 6.0 
hexachlorocyclohexane (HCH), alpha 0.0039 130 0.5 
hexachlorocyclohexane (HCH), beta 0.014 130 1.8 
hexachlorocyclohexane (HCH), gatnna 0.019 130 2.5 
PAHs ( to ta l ) 0.0028 30 0.08 
PCBs ( to ta l ) 0.00007 31200 2.2 
pentachlorophenol (PCP) 0.28 11 3.1 
toxaphene 
T 
0.00067 13100 8.8 
A-1 
Maximum Tissue Residue Levels (MTRLs) in Enclosed Bays and Estuaries 
Carcinogens 
Water Quality Objective * BCF ' MTRL ' 
Substance Ug/ l ) (l/kg) (Jig/kg. ppb) 
atdrin 0.00014 d 0.33 
chlordane ( total) 0.000081 14100 1.2 
DDT (total) 0.0006 53600 32.0 
dieldrin 0.00014 4670 0.7 
heptachlor 0.00017 11200 1.9 
heptachlor epoxide 0.00007 11200 0.8 
hexachlorobenzene (HC8) 0.00069 8690 6.0 
hexachlorocyclohexane (HCH), alpha 0.0013 130 1.7 
hexachlorocyclohexane (HCH), beta 0.046 130 6.0 
hexachlorocyclohexane (HCH), gamma 0.062 130 8.1 
PAHa (total) 0.031 30 0.93 
PCBs ( total) 0.00007 31200 2.2 
pentachlorophenol (PCP) 8.2 11 90.0 
toxaphene 0.00069 13100 9.0 
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APPENDIX B - AQUATIC RESOURCES 
a Resources Agency. 1980. Atlas of  California  Coastal  Marine  Resources. 
to, Calif.:  State of  California  Resources Agency, Department of  Fish and Game. 
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